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(54) STORAGE SUB-SYSTEM AND [TS CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simplify a work for optimizing 
arrangement by re-arrangement by the user of a disk array system 
or the like by changing the correspondence of a logical storage 
area from a physical storage area into the second physical storage 
area and executing re-arrangement 

SOLUTION: A control part 300 automatically executes re- 
arrangement execution processing at the set time and date. That 
is, the part 300 copies contents stored in a re-arrangement source 
physical area in a re-arrangement destination physical area based 
on re-arrangement information 408. Moreover, at the point of time 
when the copying is completed and the whole contents of the re- 
arrangement source physical area are reflected in the re- 
arrangement destination physical area, the control part 300 
changes a physical area corresponding to a logical area for 
executing re-arrangement in logical/physical correspondence 
information 400 from the re-arrangement source physical area into 
the re-arrangement destination physical area. Besides, the control 
part 300 uses the re-arrangement destination physical area on a 
non-usage physical area 1470, changes the re-arrangement source 
physical area into the non-usage one and, moreover, updates the time and date of re-arrangement 
execution time information 406 into the one for a next time by referring to time and date updating 
information on re-arrangement execution time information 406. 
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CLAIMS 



-[Claim(s)] 

[Claim 1] Two or more storage and a means to acquire the operating condition information on said storage, 
It has a means to perform matching with the logic storage region which said computer makes a read/write 
object, and the first physical memory field of said storage. It is the control approach of the storage 
subsystem linked to one or more calculating machines. Said storage is classified into two or more groups 
(class), and said class has the set-up attribute. Said storage subsystem Based on said operating condition 
information and said class attribute, the class of the suitable relocation place for said logic storage region 
is determined. The second physical memory field available as a relocation place of said logic storage region 
is chosen from the inside of said class. The control approach of said storage subsystem characterized by 
rearranging by changing matching of a logic storage region into said second physical memory field from said 
first physical memory field while copying the contents of said first physical memory field to said said 
second physical memory field. 

[Claim 2] It is the control approach of the storage subsystem which it is the control approach of a storage 
subsystem according to claim 1, and a storage subsystem accumulates said operating condition 
information, and determines the relocation place of a logic storage region and is characterized by 
rearranging to the set-up time amount based on said operating condition information on the set-up period. 
[Claim 3] It is the control approach of a storage subsystem according to claim 1 or 2. A storage subsystem 
As operating condition information, the time per unit time amount of storage (activity ratio) is used. Each 
class It has the engine-performance ranking and the activity ratio upper limit between the classes set up 
as an attribute. Said storage subsystem The control approach of the storage subsystem characterized by 
choosing the logic storage region rearranged from the storage exceeding the activity ratio upper limit of a 
class, and determining that the class of the relocation place of said logic storage region will not exceed the 
activity ratio upper limit of a class to each class of the high order of said ranking. 

[Claim 4] It is the control approach of a storage subsystem according to claim 1 or 2. A storage subsystem 
As operating condition information, the time per unit time amount of storage (activity ratio) is used. Each 
class It has the engine-performance ranking and the activity ratio upper limit between the classes set up 
as an attribute. Said storage subsystem The logic storage region rearranged from the storage exceeding 
the activity ratio upper limit of a class is chosen. The control approach of the storage subsystem 
characterized by determining that a physical memory field available as a relocation place of said logic 
storage region will not exceed the activity ratio upper limit of said class from the storage in the same class. 

[Claim 5] It is the control approach of a storage subsystem according to claim 1 or 2. A storage subsystem 
As operating condition information, the time per unit time amount of storage (activity ratio) is used. Each 
class has the object access classification and the activity ratio upper limit which were set up as an 
attribute. Said storage subsystem The logic storage region rearranged from the storage exceeding the 
activity ratio upper limit of a class is chosen. The control approach of the storage subsystem characterized 
by determining that the class of the relocation place of said logic storage region will not exceed the activity 
ratio upper limit of a class to each class of said object access classification based on the analysis result of 
the access classification to said logic storage region. 

[Claim 6] A means to connect with one or more computers and to acquire the operating condition 
information on two or more storage and said storage, It is the storage subsystem which has a means to 
perform matching with the logic storage region which said computer makes a read/write object, and the 
first physical memory field of said store. A means to manage said two or more disk units as two or more 
groups (class) which have an attribute, respectively, A means to determine the class of the suitable 
relocation place for said logic storage region based on said operating condition information and said class 
attribute, A means to choose the second physical memory field available as a relocation place of said logic 
storage region from the inside of said class, The storage subsystem characterized by having the means 



which rearranges by changing matching of a logic storage region into said second physical memory field 
from^said first physical memory field while copying the contents of said first physical memory field to said 
said second physical memory field. 

[Claim 7] It is the storage subsystem which is a storage subsystem according to claim 6, and is 
characterized by having a means for a storage subsystem to accumulate said operating condition 
information, and to determine the relocation place of a logic storage region automatically based on said 
operating condition information on the set-up period, and the means which rearranges to the set-up time 
amount. 

[Claim 8] It is a storage subsystem according to claim 6 or 7. A storage subsystem [t has a means using 
the time per unit time amount of a store (activity ratio) as operating condition information. Said storage 
-subsystem A means to choose the logic storage region rearranged from the storage exceeding the activity 
ratio upper limit set as each class as an attribute, The storage subsystem characterized by having a means 
to determine not to exceed the activity ratio upper limit of each class from the engine-performance 
ranking between the classes set as each class as an attribute in the class of the relocation place of said 
logic storage region. 

[Claim 9] It is a storage subsystem according to claim 6 or 7. A storage subsystem It has a means using 
the time per unit time amount of a store (activity ratio) as operating condition information. Said storage 
subsystem A means to choose the logic storage region rearranged from the storage exceeding the activity 
ratio upper limit of the class set up as an attribute, A means to analyze the access classification to said 
logic storage region, and object access classification, from the class set up as an attribute The storage 
subsystem characterized by having a means to determine that the class of the relocation place of said 
logic storage region will not exceed the activity ratio upper limit of each class based on said analysis result 

[Claim 10] It is the storage subsystem characterized by being a storage subsystem given in claims 6, 7, 8, 
or 9, and for a storage subsystem being a disk array which has two or more disk units, and having a means 
using the activity ratio of said disk unit as operating condition information. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the storage subsystem which has two or more stores, and 

its control approach. 

[0002] 

[Description of the Prior Art] In a computer system, a disk array system is in one of the secondary- 
storage systems which realizes high performance. A disk array system is a system which performs 
read/write of the data by which arrange two or more disk units in the shape of an array, and division 
storing is carried out at said each disk unit at a high speed by operating said each disk unit to juxtaposition. 
As a paper about a disk array system, it is D.A.Patterson. G.Gibson and There are RH.Kats and "A Case 
for Redundant Arrays of Inexpensive Disks (RAID)" (in Proc. ACM SIGMOD, pp.109-116, June 1988). In this 
paper, the classification of level 5 is given from level 1 to the disk array system which added redundancy 
according to that configuration. In addition to these classification, a disk array system without redundancy 
may be called level 0. In building a disk array system, since cost, performance characteristics, etc. for 
redundancy etc. to realize differ from each other, each above-mentioned level makes the array (group of a 
disk unit) of two or more level intermingled in many cases. Here, this group is called a parity group. 
[0003] In order to realize optimal cost performance in cost's changing with the engine performance, 
capacity, etc. and building a disk array system, two or more sorts of disk units from which the engine 
performance and capacity differ too may be used for a disk unit. 

[0004] In order to distribute and arrange the data stored in a disk array system to a disk unit as mentioned 
above, a disk array system matches the physical memory field which shows the logic storage region which 
the host computer linked to a disk array system accesses, and the storage region of a disk unit (address 
translation). The disk array system which realizes the optimal arrangement of the stored data is indicated 
by JP,9-274544,A with a means to acquire the information about I/O access over the logic storage region 
from a host computer, and a means to change matching with the physical memory field of a logic storage 
region, and to perform physical relocation. 
[0005] 

[Problem(s) to be Solved by the Invention] The following technical problems occur about the activation 
approach of the arrangement optimization in a Prior art as shown in JP,9-274544,A. 

[0006] In selection of the logic storage region to rearrange, and selection of the physical memory field of a 
relocation place, the user or customer engineer of a disk array system had to check information, such as 
said disk array structure of a system, property of each disk unit, engine performance, etc., and had to 
perform said selection, and the activity by the user or the customer engineer was complicated. 
[0007] Moreover, when a disk array system chose automatically, the user or the customer engineer had to 
check the information on said each disk unit, the selection-criterion value had to be specified, and the 
activity by the user or the customer engineer was complicated too. The complicatedness of information 
management increases especially about the disk array system by which level of a different kind and a disk 
unit of a different kind are intermingled as mentioned above. 

[0008] Moreover, reference of the I/O access information of selection of a disk array system performed for 
accumulating was not taking into consideration the property of the schedule of processing performed by 
the system containing a host computer and a disk array system. I/O accompanying the processing and 
processing which are generally performed by the computer system is performed in conformity with the 
schedule created by the user, and the inclination of processing and I/O shows the periodicity for every 
month and every year day by day in many cases, and, generally a user is considered to be interested in 
processing and I/O of a specific period. 

[0009] Moreover, in the above-mentioned conventional technique, the following technical problems occur 
about the engine-performance tuning approach by relocation. Although the engine-performance tuning 



approach by physical relocation adds modification to the operating condition of a disk unit, i.e., a physical 
memory field, since it referred to the information about I/O access over the logic storage region from a 
host computer, it may be unable to perform right selection in the Prior art in selection of the logic storage 
region to rearrange, and selection of the physical memory field of a relocation place. 
[0010] Moreover, even when the sequential access and random access from a host computer are 
performed to the separate physical memory field notably included in the same disk unit, in order to divide a 
sequential access and random access into a different disk unit, the disk unit of a relocation place was able 
to be specified as arbitration, and automatic relocation was not able to be made to perform. Generally, 
although random access with a small data length is asked for a response (high response engine 
performance) in a short time as requirements for processing from a host computer, when a sequential 
access with a large data length exists in the same disk unit, the response time of random access will be 
checked by processing of a sequential access, and will become long, and the response engine performance 
will get worse. 

[001 1] The first purpose of this invention is to do simple an activity for the user or customer engineer of a 
disk array system to perform arrangement optimization by relocation. 

[0012] The second purpose of this invention is to enable arrangement optimization by relocation in 
consideration of the schedule of processing by the system containing a host computer and a disk array 
system. 

[0013] The third purpose of this invention is to offer the control approach of a disk array system and disk 
array system which perform selection based on the operating condition of the disk unit which is an actual 
store in selection of the logic storage region to rearrange, and selection of the physical memory field of a 
relocation place. 

[0014] The fourth purpose of this invention is to enable it to separate into the disk unit which specifies the 
disk unit of a relocation place as arbitration, and changes a sequential access and random access with 
relocation automatically to the mixture of the remarkable sequential access in the same disk unit, and 
random access in a disk array system. 
[0015] 

[Means for Solving the Problem] In order to realize the first above-mentioned purpose, the disk array 
system linked to one or more sets of host computers It has a means to perform matching with a means to 
acquire the operating condition information on two or more disk units of a subordinate, and the logic 
storage region and the first physical memory field of a disk unit which a host computer makes a read/write 
object. Furthermore, a means to manage two or more disk units as two or more groups (class) which have 
an attribute, respectively, A means to determine the class of the suitable relocation place for a logic 
storage region based on operating condition information and a class attribute, A means to choose the 
second physical memory field available as a relocation place of a logic storage region from the inside of a 
class, While copying the contents of the first physical memory field to said said second physical memory 
field, it has the means which rearranges by changing matching of a logic storage region into the second 
physical memory field from the first physical memory field. 

[0016] Moreover, in order to realize the second purpose of the above, a disk array system can be equipped 
with a means to accumulate operating condition information and to determine the relocation place of a 
logic storage region based on the operating condition information on the set-up period, and the means 
which rearranges to the set-up time amount 

[0017] Moreover, in order to realize the third purpose of the above, a disk array system is equipped with a 
means to use the time per unit time amount of a disk unit (activity ratio), as operating condition 
information. 

[0018] In order to realize the fourth purpose of the above, moreover, a disk array system The object 
access classification (sequential / random access classification) and the activity ratio upper limit which 
were set as each class as an attribute are used. The logic storage region rearranged from the storage 
exceeding the activity ratio upper limit of a class is chosen. Based on the analysis result of the access 
classification to a logic storage region, it has a means to determine that the class of the relocation place of 
a logic storage region will not exceed the activity ratio upper limit of a class to each class of a suitable 
access classification. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using 
drawing 1 - drawing 27 . 

[0020] The gestalt of <gestalt of the first operation> book operation explains the scheduling of decision of 
the relocation based on a class 600, relocation decision, and activation. 

[0021] Drawing 1 is the block diagram of the computing system in the gestalt of operation of the 1st of this 
invention. 



[0022] The computer system in the gestalt of this operation comes to have a host 100, the storage 
^ub^ystem*200, and a control terminal 700. 

[0023] A host 100 connects with the storage subsystem 200 through I/O bus 800, and performs I/O of a 
lead or a light to the storage subsystem 200. A host 100 specifies a logic field about the storage region of 
the storage subsystem 200 in the case of I/O. There are ESCON t SCSI, a fiber channel, etc. as an example 
of I/O bus 800. 

[0024] The storage subsystem 200 has a control section 300 and two or more storage 500: A control 
section 300 performs the read/write processing 310, the operating condition information acquisition 
processing 311, the relocation decision processing 312, and relocation executive operation 313. Moreover, 
the storage subsystem 200 holds the information 400 corresponding to logic/physics, the class 
-configuration information 401, the class attribute information 402, the logic field operating condition 
information 403, the physical field operating condition information 404, the relocation decision horizon 
information 405, the relocation activation time information 406, the free-space information 407, and 
relocation information 408. 

[0025] A host 100, a control section 300, and a control terminal 700 are connected in a network 900. There 
are FDDI, a fiber channel, etc. as an example of a network 900. 

[0026] Although components generally used in a computer, such as memory for performing processing in 
each and CPU, also exist in a host 100, a control section 300, and a control terminal 700, respectively, 
since it is not important, explanation is omitted in explanation of the gestalt of this operation here. 
[0027] A host 100 explains the read/write processing 310 in the case of performing read/write to the 
storage subsystem 200, and the operating condition information acquisition processing 311 by drawing 2 . 
[0028] In the read/write processing 310, from the control section 300 of the storage subsystem 200, a 
host 100 specifies a logic field and demands a lead or a light (step 1000). The control section 300 which 
received the demand asks for the physical field corresponding to a logic field using the information 400 
corresponding to logic/physics, namely, changes the address (logical address) of a logic field into the 
address (physical address) of a physical field (step 1010). Then, in a lead, data are read from the store 500 
of this physical address, and a control section 300 transmits it to a host 100, in the case of a light, stores 
in the store 500 of said physical address the data transmitted by the host 100 (step 1020), and performs 
the further below-mentioned operating condition information acquisition processing 311. Read/write 
demand and data transfer are performed through I/O bus 800. 

[0029] An example of the information 400 corresponding to logic/physics is shown in drawing 3 . The 
logical address is the address which shows the logic field which a host 100 uses by the read/write 
processing 310. A physical address is the address which shows the field on the storage 500 with which 
data are actually stored, and consists of a storage number and the address in storage. A storage number 
shows each storage 500. The address in storage is the address which shows the storage region within 
storage 500. 

[0030] Next, in the operating condition information acquisition processing 311, a control section 300 
updates the logic field operating condition information 403 about the logic field which became a read/write 
object in the read/write processing 310, and the physical field operating condition information 404 about 
the physical field used by the read/write processing 310 (steps 1030 and 1040). The logic field operating 
condition information 403 and the physical field operating condition information 404 are the information 
about operating conditions of each time of each logic field and physical field, such as for example, operating 
frequency, an activity ratio, and an attribute about read/write. The gestalt of subsequent operations 
explains the concriete example of the logic field operating condition information 403 and the physical field 
operating condition information 404. 

[0031] Next, drawing 4 explains the relocation decision processing 312 which a control section 300 
performs. 

[0032] Storage 500 is classified into two or more groups (class 600) as a user or an initial state, and the 
classification to a class 600 is set as the class configuration information 401. Furthermore, each class 600 
is having the attribute set up as a user or initial condition, and the attribute is set as the class attribute 
information 402. The class attribute information 402 is the information about attributes, such as a 
permissible operating condition, a suitable operating condition, and priority between classes. The gestalt of 
subsequent operations explains the concrete example of the class configuration information 401 and the 
class attribute information 402. the relocation decision horizon information 405 — a user — or the period 
and period update information of operating condition information which are made into the object of the 
relocation decision processing 312 as initial condition are set up. 

[0033] An example of the relocation decision horizon information 405 is shown in drawing 5 . The period 
from initiation time to termination time turns into a horizon. Period update information is the setups of a 
next horizon, for example, may have X time amount back etc. every week and every day. A control section 



300 chooses the logic field which should perform physical relocation as compared with the permissible 
operating condition of each class 600 of the class attribute information 402 (step 1110) etc. with reference 
to the logic field operating condition information 403 on a horizon, and the physical field operating condition 
information 404 (step 1100) (step 1120). 

[0034] Furthermore, with reference to the permissible operating condition and the suitable operating 
condition of the class attribute information 402, the priority between classes (step 1130), etc., a control 
section 300 chooses the class 600 of the relocation place of a logic field (step 1140), chooses a physical 
field intact as a relocation place of a logic field from the storage 500 belonging to a class 600 further (step 
1150), and outputs a selection result to relocation information 408 (step 1160). 

[0035] An example of relocation information 408 is shown in drawing 6 . A logic field is a logic field to 
rearrange, rearranging agency physics fields are the storage number which shows the current physical field 
corresponding to a logic field, and the address in storage, and relocation place physics fields are the 
storage number which shows the physical field of a relocation place, and the address in storage. As shown 
in drawing 6 , one or more plannings of relocation are performed and it gets. Furthermore, a control section 
300 updates the horizon of the relocation decision horizon information 405 to degree batch with reference 
to the period update information of the relocation decision horizon information 405 (step 1170). In the 
above-mentioned processing, a control section 300 uses the free-space information 407 for retrieval of the 
aforementioned intact physical field, using the information 400 corresponding to logic/physics. 
[0036] An example of the free-space information 407 is shown in drawing 7 . A storage number shows each 
storage 500. The address in storage is the address which shows the field within storage 500. A storage 
number and the address in equipment show a physical field, and use / intact item shows use / intact 
distinction of a physical field. A control section 300 usually performs relocation decision processing 312 
automatically before the below-mentioned relocation executive operation 313 after a horizon. 
[0037] Next, drawing 8 explains the relocation executive operation 313 which a control section 300 
performs. 

[0038] the relocation activation time information 406 — a user — or the time and time update information 
which perform relocation executive operation 313 as initial condition are set up. 

[0039] An example of the relocation activation time information 406 is shown in drawing 9 . A control 
section 300 performs automatically relocation executive operation 313 explained below in the set-up time. 
Time update information is setups of time which perform next relocation executive operation 313, for 
example, may have X time amount back etc. every week and every day. A control section 300 copies the 
contents stored in a rearranging agency physics field based on relocation information 408 to a relocation 
place physics field (step 1200). Furthermore, when a copy is completed and all the contents of the 
rearranging agency physics field are reflected in a relocation place physics field, a control section 300 
changes into a relocation place physics field the physical field corresponding to the logic field which 
performs relocation on the information 400 corresponding to logic/physics from a rearranging agency 
physics field (step 1210). 

[0040] Furthermore, a control section 300 considers the relocation place physics field on the intact 
physics field 470 as use, and changes a rearranging agency physics field intact (step 1220). Furthermore, a 
control section 300 updates the time of the relocation activation time information 406 to degree batch with 
reference to the time update information of the relocation activation time information 406 (step 1230). 
[0041] A user or a customer engineer can check and set up minding a network 900 from a control terminal 
700, or setting up and checking each information which the control section 300 uses by the above- 
mentioned processing through a network 900 or I/O bus 800 from a host 100, especially relocation 
information 408, and can carry out a relocation proposal for correction, an addition, deletion, etc. 
[0042] By performing the above-mentioned processing, based on the acquired operating condition 
information and the set-up class attribute, in the storage subsystem 200, physical relocation of a logic field 
can be performed automatically, and the storage subsystem 200 can be optimized. By repeating the further 
above-mentioned relocation decision and processing of activation, and correcting arrangement, the 
optimization error factor of fluctuation of an operating condition or others is absorbable. 
[0043] Especially, a user or a customer engineer can perform optimization by relocation simple by the 
above-mentioned processing. Since a user or a customer engineer can manage storage 500 in the unit of a 
class 600, it does not need to manage attributes, such as engine performance of storage 500, dependability, 
and a property, about said each storage 500. Furthermore, a user or a customer engineer can set up the 
class 600 in which each attribute of storage 500 has the same attribute also to the group which is not 
equal if needed, and can treat it as one management unit However, it is able for one storage 500 to 
consider that one class 600 is constituted, and to process the above-mentioned relocation by making one 
storage 500 into a management unit. 

[0044] Moreover, a user or a customer engineer can perform the above-mentioned relocation automatically 



in consideration of the description and schedule of the processing (job) performed by the host 100. 
Generally, I/O accompanying the processing performed with a computing system and this processing is 
performed in conformity with the schedule created by the user. A user can specify the period of 
processing, when it has processing to make into the object of optimization especially, a user can specify an 
interested period, and can make relocation decision able to process to the storage system 200 by 
processing of relocation in which it explained with the gestalt of this operation, namely, optimization by the 
above-mentioned relocation can be realized based on the operating-condition information on said period. 
Moreover, the inclination of the processing performed with a computing system and I/O shows the 
periodicity for every month and every year day by day in many cases. Especially, periodicity becomes 
remarkable when processing is processing based on a routine task. Like the above-mentioned case, 
'especially a user can specify the period which is interested as a candidate for optimization in a period, and 
can perform optimization by relocation. Moreover, in the relocation executive operation 313, although 
. accompanied by the copy of the contents of storing within the storage system 200, a user is setting up the 
period when the demand processing engine performance of processing the storage system's 200 being 
performed by the time of day currently seldom used or the host 100 is low as activation time of day of the 
relocation executive operation 313, and it can avoid that I/O to the storage system 200 of processing that 
the demand processing engine performance in a host 100 is high is checked by the copy. 
[0045] In addition, storage 500 may be a storage which may have the engine performance, dependability, a 
property different, respectively, and an attribute different, respectively, and is specifically especially 
different like a magnetic disk drive, a magnetic tape unit, and semiconductor memory (cache). Moreover, 
although [ the above-mentioned example ] the free-space information 407 is described based on a physical 
field, it may be described based on the logic field (logical address) corresponding to an intact physical field. 
[0046] The gestalt of <gestalt of the second operation> book operation explains the relocation decision by 
application of the disk unit activity ratio as operating condition information, the upper limit of a class 600, 
and the engine-performance ranking between classes 600. 

[0047] Drawing 10 is the block diagram of the computing system in the gestalt of operation of the 2nd of 
this invention. 

[0048] The computer system of the gestalt of this operation comes to have a host 100, the disk array 
system 201, and a control terminal 700. The computer system in the gestalt of this operation is equivalent 
to what used the storage subsystem 200 in the gestalt of the 1st operation as the disk array system 201, 
and made the store 500 the parity group 501. 

[0049] The disk array system 201 has a control section 300 and a disk unit 502. A control section 300 is 
equivalent to the control section 300 in the gestalt of the 1st operation. The disk unit 502 constitutes 
RAID (disk array) from n sets (n is two or more integers), and calls the group by n sets of these disk units 
502 the parity group 501. As a property of RAID, n sets of the disk units 502 contained in one parity group 
501 have the relation on the redundancy that the redundancy data generated from the contents of storing 
of n-1 set of a disk unit 502 are stored in the one remaining sets. Moreover, it has the relation on data 
storage — distributed storing of the contents of storing in which n sets of disk units 502 included 
redundancy data is carried out at n sets of disk units 502 a sake [ on a juxtaposition actuation 
disposition ]. Although it can consider from this relation that each parity group 501 is one unit on actuation 
Since cost, performance characteristics, etc. for redundancy, Number n, etc. to realize differ from each 
other, In constituting the disk array system 201, also about the disk unit 502 which the array (parity group 
501) from which level and Number n differ is made intermingled in many cases, and constitutes the parity 
group 501 In order to realize optimal cost performance in constituting the disk array system 201 since cost 
changes with the engine performance, capacity, etc., two or more sorts of disk units 502 from which the 
engine performance and capacity differ may be used. Therefore, each parity group 501 who builds the disk 
array system 201 in the gestalt of this operation does not restrict that attributes, such as engine 
performance, dependability, and a property, are the same, but presupposes that rt is different about 
especially the engine performance. 

[0050] An example of the information 400 corresponding to logic/physics in the gestalt of this operation is 
shown in drawing 1 1 . 

[0051] The logical address is the address which shows the logic field which a host 100 uses by the 
read/write processing 310. A physical address is the address which shows the field on the disk unit 502 in 
which data and said redundancy data are actually stored, and consists of the parity group number, each 
disk unit number, and the address in a disk unit. The parity group number shows each parity group 501. A 
disk unit number shows each disk unit 502. The address in a disk unit is the address which shows the field 
within a disk unit 502. Although a control section 300 uses for and processes the information about 
redundancy data by said read/write processing 310 etc. as actuation of RAID, it does not touch about said 
processing by explanation of the gestalt of this operation especially here in order to explain the parity 



group 502 as one unit on actuation. 

[0052] further — the gestalt of the 1 st operation — the same — the parity group 501 — a user — or it is 
classified into two or more groups (class 600) as an initial state, and the classification to a class 600 is set 
as the class configuration information 401. An example of the class configuration information 401 is shown 
in drawing 1 2 . 

[0053] A class number is a number which shows each class 600. Parity group number shows the number of 
the parity groups belonging to each class 600. The parity group number shows the parity group number 501 
belonging to each class 600. Similarly, the attribute of each class 600 is set as the class attribute 
information 402. An example of the class attribute information 402 in the gestalt of this operation is shown 
in drawing 13 . 

£0054] A class number is a number which shows each class 600. An activity ratio upper limit is a upper 
limit which shows the tolerance of the below-mentioned disk activity ratio, and is applied to the parity 
.group 501 to whom a class 600 belongs. Class intersex ability ranking is the engine-performance ranking 
between classes 600 (the small thing of a figure presupposes that it is highly efficient). Class intersex 
ability ranking is based on the above-mentioned engine-performance difference in the parity group 501 who 
constitutes each class 600. About a relocation activation upper limit and immobilization, it mentions later. 
[0055] Drawing 14 explains the operating condition information acquisition processing 311 in the gestalt of 
this operation. 

[0056] A control section 300 acquires the time of the disk unit 502 used in the read/write processing 310 
like the gestalt of the 1st operation, finds the time per unit time amount (activity ratio), further, about the 
parity group 501 to whom a disk unit 502 belongs, computes the average of an activity ratio (step 1300), 
and records an activity ratio average on the logic field operating condition information 403 as a disk unit 
activity ratio about the logic field used as a read/write object (step 1310). Moreover, a control section 300 
asks for the sum of the disk unit activity ratio of all the logic fields corresponding to the parity group 501 
(step 1320), and records it on the physical field operating condition information 404 as the parity group's 
501 activity ratio (step 1330). 

[0057] An example of the logic field operating condition information 403 in the gestalt of this operation and 
the physical field operating condition information 404 is shown in drawing 15 and drawing 16 . 
[0058] Time shows the time of every sampling period (a fixed period), the logical address shows a logic 
field, the parity group number shows each parity group, and the disk unit activity ratio and parity group 
activity ratio of a logic field show the average activity ratio in said sampling period, respectively. The 
activity ratio of the above disk units 502 is a value which shows the load concerning a disk unit 502, and 
since the disk unit 502 may serve as an engine-performance bottleneck when an activity ratio is large, the 
improvement in the engine performance of the disk array system 201 is expectable by lowering an activity 
ratio by relocation processing. 

[0059] Next, drawing 1 7 explains the relocation decision processing 312. 

[0060] A control section 300 acquires the parity group 501 belonging to a class 600 from the class 
configuration information 401 about each class 600 (step 1300). Then, a control section 300 acquires a 
horizon with reference to the same relocation decision horizon information 405 as the gestalt of the 1st 
operation, further, about the parity group 501, acquires the parity group activity ratio of the physical field 
operating condition information 404 on a horizon, and totals (step 1320). Then, a control section 300 
acquires the activity ratio upper limit of a class 600 with reference to the class attribute information 402 
(step 1330). It is judged that a control section 300 is [ relocation of the logic field corresponding to the 
parity group 501 ] required since a parity group activity ratio is compared with a class upper limit, and 
when a parity group activity ratio is larger than a class upper limit reduces the parity group's 501 activity 
ratio (step 1340). 

[0061] Then, with reference to the logic field operating condition information 403 on a horizon, a control 
section 300 acquires the disk unit activity ratio of the logic field corresponding to each physical field of the 
parity group 501 judged that relocation is required, totals (step 1350), and it chooses from what has a large 
disk unit activity ratio as a logic field to rearrange (step 1360). Selection of a logic field subtracts the disk 
activity ratio of the logic field chosen from the parity groups 501 activity ratio, and it is performed until it 
becomes below the activity ratio upper limit of a class 600 (1370). Since it is thought that the effect to the 
parity group s 501 activity ratio of the logic field where a disk unit activity ratio is large is also large, and its 
access frequency to the logic field from a host 100 is also large, it is rearranging preferentially the logic 
field where a disk unit activity ratio's is large, and the effective engine-performance improvement of the 
disk array system 201 can be expected. 

[0062] A control section 300 looks for the physical field used as the relocation place about the selected 
logic field. A control section 300 acquires the intact physics field of the parity group 501 who belongs to a 
high performance class with reference to the class configuration information 401 and the same free-space 



information 407 as the gestalt of the 1st operation with reference to the class attribute information 402 
frorrjthe class 600 to which the parity group 501 belongs paying attention to the class 600 (high 
performance class) of a high order [ ranking / engine-performance ] (step 1380). 

[0063] Furthermore, a control section 300 calculates the forecast of the parity group activity ratio at the 
time of considering as a relocation place about each intact physics field (step 1390). The intact physics 
field it can be predicted that does not exceed the upper limit set as the high performance class out of an 
intact physics field when it considers as a relocation place It chooses as a physical field of a relocation 
place (step 1400), and a selection result is outputted to relocation information 408 like the gestalt of the 
1st operation (step 1410). Processing will be ended if it finishes choosing the physical field of a relocation 
place about all the selected logic fields (step 1420). 

[0064] In the gestalt of this operation, in addition to the gestalt of the 1st operation, a control section 300 
holds parity group information 409, and computes an activity ratio forecast from parity group information 
409, the logic field operating condition information 403, and the physical field operating condition 
information 404. 

[0065] An example of parity group information 409 is shown in drawing 18 . The parity group number is a 
number which shows each parity group 501. A RAID configuration shows the level and the number of a disk 
of RAID which the parity group 501 constitutes, and a redundancy configuration. The disk unit engine 
performance shows the performance characteristics of the disk unit 502 which constitutes the parity group 

501. About immobilization, it mentions later. By making into the parity group 501 of a high performance 
class the relocation place of the logic field where a disk unit activity ratio is large in the above-mentioned 
processing, the disk unit time to the same load can be shortened, and the disk unit activity ratio after 
relocation of a logic field can be controlled. 

[0066] although relocation executive operation 313 is performed like the gestalt of the 1st operation, as it 
is shown in drawing 19 , before a control section 300 performs the copy for relocation — the class 
attribute information 402 — referring to — the class 600 of a rearranging agency and a relocation place — 
a user — or the relocation activation upper limit set up as initial condition is acquired (step 1500). 
Furthermore, with reference to the physical field operating condition information 404, the latest parity 
group activity ratio of the parity group 501 of a rearranging agency and a relocation place is acquired (step 
1510), and when the parity group activity ratio is over the relocation activation upper limit in one [ at 
least ] class 600 as a result of the comparison, (steps 1520 and 1530) and the relocation executive 
operation 313 are stopped or postponed (step 1540). 

[0067] It can avoid that a load arises further by said copy when the parity group's 501 activity ratio is 
large, namely, a user's load is expensive by the above-mentioned processing, and the upper limit for 
evasion can be set as arbitration every class 600; 

[0068] By processing as mentioned above, selection of the logic field physically rearranged based on the 
operating condition of a disk unit 502 and selection of the physical field of a relocation place can be 
performed based on a class configuration and an attribute, relocation can distribute the load of a disk unit 

502, and arrangement for which the activity ratio of the parity group 501 belonging to a class 600 does not 
exceed the activity ratio upper limit set as each class 600 can be realized. By repeating processing of 
relocation decision and activation furthermore, and correcting arrangement, fluctuation and the prediction 
error of an operating condition are absorbable. 

[0069] Although a control section 300 totals with reference to the parity group activity ratio of the physical 
field operating condition information 404 on a horizon, and the disk unit activity ratio of the logic field of 
the logic field operating condition information 403 and being used for decision in the relocation decision 
processing 31 2 For example, instead of using the average of all the values of a horizon, the method of using 
the value of m high orders in a horizon is also considered, and the approach using the value of the m-th 
high order is also considered (m is one or more integers). A user can choose and use only the 
characteristic part of an operating condition, and can make the relocation decision processing 312 perform 
by a user enabling it to choose these approaches. 

[0070] In the above-mentioned relocation decision processing 312, although [ a control section 300 ] the 
required parity group 501 of relocation of a logic field is detected about all the classes 600 of the disk 
array system 201, a control section 300 is good [ a control section ] about the class 600 to which the fixed 
attribute is set with reference to the class attribute information 402 also as outside of the object of 
detection before said detection. Moreover, a control section 300 is good as outside of the object of 
detection similarly about the parity group 501 by whom the fixed attribute is set up with reference to parity 
group information 409. Moreover, although [ a control section 300 ] the physical field of a relocation place 
is chosen from the intact physics field of the parity group 501 belonging to a high performance class, you 
may make it engine-performance ranking treat the high-order class 600 as a high performance class 
further as outside of an object about the class 600 to which the fixed attribute is set in the relocation 



decision processing 312. Moreover, about the parity group 501 by whom the fixed attribute is set up, it is 
good also as outside of an object. By treating the class 600 or the parity group 501 by whom the fixed 
attribute is set up as mentioned above, a user can set up the class 600 or the parity group 501 who wants 
to produce the effect of physical relocation in the automatic above-mentioned relocation processing, and 
can be taken as the outside of the object of relocation. 

[0071] The gestalt of <gestalt of the third operation> book operation explains relocation decision within the 
same class 600. The computing system in the gestalt of this operation is the same as that of the gestalt of 
the 2nd operation. However, with the gestalt of this operation, two or more parity groups 501 belong to one 
class 600. If processing with the gestalt of this operation removes the relocation decision processing 312, 
HE is the same as that of the gestalt of the 2nd operation. Moreover, selection (step 1600) of the logic field 
^rearranged also about the relocation decision processing 312 is the same as that of the gestalt of the 2nd 
operation. 

[0072] Drawing 20 explains selection of the physical field of the relocation place in the relocation decision 
processing 312 with the gestalt of this operation. 

[0073] Although engine-performance ranking chooses the physical field of a relocation place from the high- 
order class 600 with the gestalt of the 2nd operation from the class 600 to which the physical field of a 
rearranging agency belongs, it chooses from parity groups 501 other than the rearranging agency of the 
same class 600 with the gestalt of this operation. A control section 300 acquires the intact physics field of 
parity groups 501 other than the rearranging agency belonging to the same class 600 with reference to the 
class configuration information 401 and the free-space information 407 (step 1610). A control section 300 
calculates the forecast of the parity group activity ratio at the time of considering as a relocation place 
about each intact physics field (step 1620). The intact physics field it can be predicted that does not 
exceed the upper limit set as the same class 600 out of an intact physics field when it considers as a 
relocation place It chooses as a physical field of a relocation place (step 1630), and a selection result is 
outputted to relocation information 408 like the gestalt of the 2nd operation (step 1640). Processing will be 
ended if it finishes choosing the physical field of a relocation place about all the logic fields to rearrange 
(step 1 650). 

[0074] The above-mentioned processing can distribute the load of a disk unit 502 in the same class 600. 
The parity group 501 of the disk array system 201 can apply the above-mentioned art to the configuration 
which belongs to one class 600 (single class) altogether. Moreover, when it combines with the art explained 
with the gestalt of the 2nd operation for example, it sets to selection of the intact physics field of a 
relocation place, and the case where the intact physics field for the high-order class 600 where engine- 
performance ranking is more suitable than the class 600 of a rearranging agency is not obtained, and 
engine-performance ranking can apply to processing in the top class 600. the activity ratio upper limit from 
which the art in the gestalt of the 2nd operation and the art in the gestalt of this operation differ about 
each class 600 when it combines with the art explained with the gestalt of the 2nd operation — you may 
use — namely, — therefore, the class attribute information 402 may have two kinds of activity ratio upper 
limits, or difference about each class 600. 

[0075] In the relocation decision processing 312 with the gestalt of the 2nd operation with the gestalt of 
<gestalt of the fourth operation> book operation When the intact physics field of a relocation place is not 
found from the class 600 of a rearranging agency in the class 600 (high performance class) of a high order 
[ ranking / engine-performance ] In order to obtain a relocation place, the engine-performance ranking 
performed explains processing of the relocation from the high performance class to the class 600 (low 
engine-performance class) of lower order more. 

[0076] The computing system in the gestalt of this operation is the same as that of the gestalt of the 2nd 
operation. Drawing 21 explains the relocation decision processing 312 in the gestalt of this operation. 
[0077] A control section 300 acquires the parity group 501 belonging to a high performance class from the 
class configuration information 401 (step 1 700). Then, a control section 300 acquires a horizon with 
reference to the same relocation decision horizon information 405 as the gestalt of the 1st operation (step 
1710), acquires the disk unit activity ratio of the logic field corresponding to each physical field of the 
parity group 501 with reference to the logic field operating condition information 403 on a horizon (step 
1720), and chooses it from what has a small disk unit activity ratio as a logic field rearranged to a low 
engine-performance class (step 1730). At this time, selection of a logic field is performed as required (step 
1740). 

[0078] Then, although the physical field used as the relocation place about the selected logic field is 
chosen from the parity group 501 belonging to a low engine-performance class, the control section 300 of 
processing of physical field selection of a relocation place is the same as that of processing with the 
gestalt of the 2nd operation, if the high performance class made into the relocation place in processing 
explanation with the gestalt of the 2nd operation is read as a low engine-performance class (step 1750). 



Moreover, processing of others in the gestalt of this operation is the same as processing with the gestalt 
of t(?e 2nd operation. 

[0079] By performing the above-mentioned processing, when the intact physics field of a relocation place 
is not found in a high performance class in the relocation decision processing 312 with the gestalt of the 
2nd operation, relocation of a logic field can be performed from a high performance class in advance of the 
relocation to a high performance class to a low engine-performance class, and the intact physics field of a 
relocation place can be prepared for a high performance class. A control section 300 can prepare intact 
physics field where a repeat line is sufficient for the above-mentioned processing if needed. 
[0080] Although the disk time to the same load may increase about relocation and the disk unit activity 
ratio after relocation of a logic field may increase since the relocation place of a logic field is made into the 
parity group 501 of a low engine-performance class, the effect of increase can be suppressed to the 
minimum by making it rearrange from the logic field where a disk activity ratio is small. 
[0081] With the gestalt of <gestalt of the fifth operation> book operation, an access classification attribute 
is prepared in one of the attributes of a class 600, and the relocation decision for carrying out physical 
relocation of the logic field where a sequential access is notably performed using an access classification 
attribute, and the logic field where random access is performed notably automatically in other parity groups 
501, and separating them is explained. 

[0082] The computing system in the gestalt of this operation is shown in drawing 10 . In addition to 
explanation with the gestalt of the 2nd operation, with the gestalt of this operation, the following 
information which a control section 300 holds is used. 

[0083] An example of the class attribute information 402 on the gestalt of this operation is shown in 
drawing 22 . [n this example, when access classification is added to the example in the gestalt of the 2nd 
operation and the access classification of a class 600 is set up sequentially, for example, it is shown that it 
is set up that a class 600 is suitable for a sequential access. 

[0084] An example of the logic field operating condition information 403 on the gestalt of this operation is 
shown in drawing 23 . In this example, the rate of a sequential access and the rate of random access are 
applied to the example in the gestalt of the 2nd operation. 

[0085] Furthermore, in addition to the gestalt of the 2nd operation, in the gestalt of this operation, a 
control section 300 holds the access classification reference-value information 410 and the logic field 
attribute information 411. 

[0086] An example of the access classification reference-value information 410 is shown in drawing 24 . a 
user — or the reference value used for the judgment of the below-mentioned access classification is set 
to the access classification reference-value information 410 as initial condition. Moreover, an example of 
the logic field attribute information 41 1 is shown in drawing 25 . An access classification hint is the access 
classification which can be expected to be notably carried out about each logic field, and a user sets it up. 
About immobilization, it mentions later. 

[0087] If processing with the gestalt of this operation removes the operating condition information 
acquisition processing 311 and the relocation decision processing 312, it is the same as that of the gestalt 
of the second operation. 

[0088] Drawing 26 explains the operating condition information acquisition processing 311 in the gestalt of 
this operation. 

[0089] Like the operating condition information acquisition processing 31 1 with the gestalt of the 2nd 
operation, a control section 300 computes the disk unit activity ratio about a logic field (steps 1800 and 
1810), analyzes the contents of an activity ratio in the read/write processing 310, computes the ratio of a 
sequential access and random access about an activity ratio (step 1820), and records an activity ratio and 
an access classification ratio on the logic field operating condition information 403 (step 1830). Moreover, a 
control section 300 performs calculation of a parity group activity ratio, and record to the physical field 
operating condition information 404 like the gestalt of the 2nd operation (steps 1840 and 1850). 
[0090] In the relocation decision processing 312 in the gestalt of this operation, selection of the logic field 
to rearrange is the same as that of the gestalt of the 2nd operation (step 1990). Drawing 27 explains 
selection of the physical field of the relocation place in the relocation decision processing 312. 
[0091] A control section 300 acquires the rate of a sequential access about the logic field to rearrange 
with reference to the logic field use information 403 (step 1910), and compares with the reference value 
set as the access classification reference-value information 410 (step 1920). When the rate of a sequential 
access is larger than a reference value, a control section 300 investigates whether with reference to the 
class attribute information 402, the class 600 (sequential class) to which access classification is set as it is 
sequential exists (step 1950). When a sequential class exists, a control section 300 acquires the intact 
physics field of parity groups 501 other than the rearranging agency belonging to a sequential class with 
reference to the class configuration information 401 and the free-space information 407 (step 1960). 



Furthermore, a control section 300 calculates the forecast of the parity group activity ratio at the time of 
considering as a relocation place about each intact physics field (step 1970). The intact physics field it can 
be predicted that does not exceed the upper limit set as the sequential class out of an intact physics field 
when it considers as a relocation place It chooses as a physical field of a relocation place (step 1980), and 
a selection result is outputted to relocation information 408 like the gestalt of the 2nd operation (step 
1990). A control section 300 computes an activity ratio forecast from the same parity group information 
409 as the gestalt of the 2nd operation, the logic field operating condition information 403 in the gestalt of 
this operation, and the physical field operating condition information 404. 

[0092] In the aforementioned comparison, when the rate of a sequential access is below a reference value, 
a" control section 300 investigates whether with reference to the logic field attribute information 411, it is 
"set up that an access classification hint is sequential about a logic field (step 1940). When it is set as the 
access classification hint that it is sequential, a control section 300 investigates the existence of a 
sequential class like the above (step 1950), and when a sequential class exists, the physical field of a 
relocation place is chosen from a sequential class (steps 1960-1990). 

[0093] In the aforementioned comparison, the rate of a sequential access is said below reference value, 
and when an access classification hint is not still more sequential, or when a sequential class does not 
exist, a control section 300 chooses the physical field of a relocation place from classes 600 other than a 
sequential class like the gestalt of the 2nd operation (step 2000). 

[0094] The logic field where a sequential access is notably performed by the above-mentioned processing 
using the access classification and the activity ratio upper limit which were set as each class 600 as an 
attribute to mixture of the remarkable sequential access in the same parity group 501 and random access, 
and the logic field where random access is performed notably can be automatically rearranged in a different 
parity group 501, it can separate into separation 502, i.e., a different disk unit, and the response engine 
performance especially to random access can be improved. 

[0095] Moreover, in the above-mentioned processing although [ a control section 300 ] automatic 
separation by relocation is performed paying attention to a sequential access, it is also possible to perform 
said separation similarly paying attention to random access. 

[0096] Supposing a control section 300 does not rearrange a logic field when the fixed attribute is specified 
as the logic field with reference to the logic field attribute information 41 1 when the logic field to rearrange 
is chosen in the above-mentioned relocation decision processing 312, when there is a logic field considered 
that especially a user does not want to rearrange, a logic field can make into the outside of the object of 
relocation by setting up a fixed attribute. The processing about the above-mentioned fixed attribute is 
using the logic field attribute information 411, and can be applied also to the gestalt of the above- 
mentioned operation. 
[0097] 

[Effect of the Invention] The user of a storage subsystem or a customer engineer can do simple the 
activity for performing arrangement optimization by physical relocation of a storage region. 
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TECHNICAL FIELD 

* [Field of the Invention] This invention relates to the storage subsystem which has two or more stores, and 
its control approach. 
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PRIOR ART 



[Description of the Prior Art] In a computer system, a disk array system is in one of the secondary- 
storage systems which realizes high performance. A disk array system is a system which performs 
read/write of the data by which arrange two or more disk units in the shape of an array, and division 
storing is carried out at said each disk unit at a high speed by operating said each disk unit to juxtaposition. 
As a paper about a disk array system, it is D.A.Patterson. G.Gibson and There are RH.Kats and "A Case 
for Redundant Arrays of Inexpensive Disks (RAID)" (in Proc. ACM SIGMOD, pp.109-116, June 1988). In this 
paper, the classification of level 5 is given from level 1 to the disk array system which added redundancy 
according to that configuration. In addition to these classification, a disk array system without redundancy 
may be called level 0. In building a disk array system, since cost, performance characteristics, etc. for 
redundancy etc. to realize differ from each other, each above-mentioned level makes the array (group of a 
disk unit) of two or more level intermingled in many cases. Here, this group is called a parity group. 
[0003] In order to realize optimal cost performance in cost's changing with the engine performance, 
capacity, etc. and building a disk array system, two or more sorts of disk units from which the engine 
performance and capacity differ too may be used for a disk unit. 

[0004] In order to distribute and arrange the data stored in a disk array system to a disk unit as mentioned 
above, a disk array system matches the physical memory field which shows the logic storage region which 
the host computer linked to a disk array system accesses, and the storage region of a disk unit (address 
translation). The disk array system which realizes the optimal arrangement of the stored data is indicated 
by JP,9-274544,A with a means to acquire the information about I/O access over the logic storage region 
from a host computer, and a means to change matching with the physical memory field of a logic storage 
region, and to perform physical relocation. 
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EFFECT OF THE INVENTION 

* [Effect of the Invention] The user of a storage subsystem or a customer engineer can do simple the 
activity for performing arrangement optimization by physical relocation of a storage region. 
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TECHNICAL PROBLEM 

*[Problem(s) to be Solved by the Invention] The following technical problems occur about the activation 
approach of the arrangement optimization in a Prior art as shown in JP,9-274544,A. 

[0006] In selection of the logic storage region to rearrange, and selection of the physical memory field of a 
relocation place, the user or customer engineer of a disk array system had to check information, such as 
said disk array structure of a system, property of each disk unit, engine performance, etc., and had to 
perform said selection, and the activity by the user or the customer engineer was complicated. 
[0007] Moreover, when a disk array system chose automatically, the user or the customer engineer had to 
check the information on said each disk unit, the selection-criterion value had to be specified, and the 
activity by the user or the customer engineer was complicated too. The complicatedness of information 
management increases especially about the disk array system by which level of a different kind and a disk 
unit of a different kind are intermingled as mentioned above. 

[0008] Moreover, reference of the I/O access information of selection of a disk array system performed for 
accumulating was not taking into consideration the property of the schedule of processing performed by 
the system containing a host computer and a disk array system. I/O accompanying the processing and 
processing which are generally performed by the computer system is performed in conformity with the 
schedule created by the user, and the inclination of processing and I/O shows the periodicity for every 
month and every year day by day in many cases, and, generally a user is considered to be interested in 
processing and I/O of a specific period. 

[0009] Moreover, in the above-mentioned conventional technique, the following technical problems occur 
about the engine-performance tuning approach by relocation. Although the engine-performance tuning 
approach by physical relocation adds modification to the operating condition of a disk unit, i.e., a physical 
memory field, since it referred to the information about I/O access over the logic storage region from a 
host computer, it may be unable to perform right selection in the Prior art in selection of the logic storage 
region to rearrange, and selection of the physical memory field of a relocation place. 
[0010] Moreover, even when the sequential access and random access from a host computer are 
performed to the separate physical memory field notably included in the same disk unit, in order to divide a 
sequential access and random access into a different disk unit, the disk unit of a relocation place was able 
to be specified as arbitration, and automatic relocation was not able to be made to perform. Generally, 
although random access with a small data length is asked for a response (high response engine 
performance) in a short time as requirements for processing from a host computer, when a sequential 
access with a large data length exists in the same disk unit, the response time of random access will be 
checked by processing of a sequential access, and will become long, and the response engine performance 
will get worse. 

[001 1] The first purpose of this invention is to do simple an activity for the user or customer engineer of a 
disk array system to perform arrangement optimization by relocation. 

[0012] The second purpose of this invention is to enable arrangement optimization by relocation in 
consideration of the schedule of processing by the system containing a host computer and a disk array 
system. 

[0013] The third purpose of this invention is to offer the control approach of a disk array system and disk 
array system which perform selection based on the operating condition of the disk unit which is an actual 
store in selection of the logic storage region to rearrange, and selection of the physical memory field of a 
relocation place. 

[0014] The fourth purpose of this invention is to enable it to separate into the disk unit which specifies the 
disk unit of a relocation place as arbitration, and changes a sequential access and random access with 
relocation automatically to the mixture of the remarkable sequential access in the same disk unit, and 
random access in a disk array system. 
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MEANS 



'[Means for Solving the Problem] In order to realize the first above-mentioned purpose, the disk array 
system linked to one or more sets of host computers It has a means to perform matching with a means to 
acquire the operating condition information on two or more disk units of a subordinate, and the logic 
storage region and the first physical memory field of a disk unit which a host computer makes a read/write 
object Furthermore, a means to manage two or more disk units as two or more groups (class) which have 
an attribute, respectively, A means to determine the class of the suitable relocation place for a logic 
storage region based on operating condition information and a class attribute, A means to choose the 
second physical memory field available as a relocation place of a logic storage region from the inside of a 
class, While copying the contents of the first physical memory field to said said second physical memory 
field, it has the means which rearranges by changing matching of a logic storage region into the second 
physical memory field from the first physical memory field. 

[0016] Moreover, in order to realize the second purpose of the above, a disk array system can be equipped 
with a means to accumulate operating condition information and to determine the relocation place of a 
logic storage region based on the operating condition information on the set-up period, and the means 
which rearranges to the set-up time amount. 

[0017] Moreover, in order to realize the third purpose of the above, a disk array system is equipped with a 
means to use the time per unit time amount of a disk unit (activity ratio), as operating condition 
information. 

[0018] In order to realize the fourth purpose of the above, moreover, a disk array system The object 
access classification (sequential / random access classification) and the activity ratio upper limit which 
were set as each class as an attribute are used. The logic storage region rearranged from the storage 
exceeding the activity ratio upper limit of a class is chosen. Based on the analysis result of the access 
classification to a logic storage region, it has a means to determine that the class of the relocation place of 
a logic storage region will not exceed the activity ratio upper limit of a class to each class of a suitable 
access classification. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using 
drawing 1 - drawing 27 . 

[0020] The gestalt of <gestalt of the first operation> book operation explains the scheduling of decision of 
the relocation based on a class 600, relocation decision, and activation. 

[0021] Drawing 1 is the block diagram of the computing system in the gestalt of operation of the 1st of this 
invention. 

[0022] The computer system in the gestalt of this operation comes to have a host 100, the storage 
subsystem 200, and a control terminal 700. 

[0023] A host 100 connects with the storage subsystem 200 through I/O bus 800, and performs I/O of a 
lead or a light to the storage subsystem 200. A host 100 specifies a logic field about the storage region of 
the storage subsystem 200 in the case of I/O. There are ESCON, SCSI, a fiber channel, etc. as an example 
of I/O bus 800. 

[0024] The storage subsystem 200 has a control section 300 and two or more storage 500. A control 
section 300 performs the read/write processing 310, the operating condition information acquisition 
processing 311, the relocation decision processing 312, and relocation executive operation 313. Moreover, 
the storage subsystem 200 holds the information 400 corresponding to logic/physics, the class 
configuration information 401, the class attribute information 402, the logic field operating condition 
information 403, the physical field operating condition information 404, the relocation decision horizon 
information 405, the relocation activation time information 406, the free-space information 407, and 
relocation information 408. 

[0025] A host 100, a control section 300, and a control terminal 700 are connected in a network 900. There 



are FDD!, a fiber channel, etc. as an example of a network 900. 

[0026] Although components generally used in a computer, such as memory for performing processing in 
each and CPU, also exist in a host 100, a control section 300, and a control terminal 700, respectively, 
since it is not important, explanation is omitted in explanation of the gestalt of this operation here. 
[0027] A host 100 explains the read/write processing 310 in the case of performing read/write to the 
storage subsystem 200, and the operating condition information acquisition processing 31 1 by drawing 2 . 
[0028] In the read/ write processing 310, from the control section 300 of the storage subsystem 200, a 
host 100 specifies a logic field and demands a lead or a light (step 1000). The control section 300 which 
received the demand asks for the physical field corresponding to a logic field using the information 400 
dorresponding to logic/physics, namely, changes the address (logical address) of a logic field into the 

•address (physical address) of a physical field (step 1010). Then, in a lead, data are read from the store 500 
of this physical address, and a control section 300 transmits it to a host 100, in the case of a light, stores 

i in the store 500 of said physical address the data transmitted by the host 100 (step 1020), and performs 
the further below-mentioned operating condition information acquisition processing 311. Read/write 
demand and data transfer are performed through I/O bus 800. 

[0029] An example of the information 400 corresponding to logic/physics is shown in drawing 3 . The 
logical address is the address which shows the logic field which a host 100 uses by the read/ write 
processing 310. A physical address is the address which shows the field on the storage 500 with which 
data are actually stored, and consists of a storage number and the address in storage. A storage number 
shows each storage 500. The address in storage is the address which shows the storage region within 
storage 500. 

[0030] Next, in the operating condition information acquisition processing 311, a control section 300 
updates the logic field operating condition information 403 about the logic field which became a read/write 
object in the read/write processing 310, and the physical field operating condition information 404 about 
the physical field used by the read/write processing 310 (steps 1030 and 1040). The logic field operating 
condition information 403 and the physical field operating condition information 404 are the information 
about operating conditions of each time of each logic field and physical field, such as for example, operating 
frequency, an activity ratio, and an attribute about read/write. The gestalt of subsequent operations 
explains the concrete example of the logic field operating condition information 403 and the physical field 
operating condition information 404. 

[0031] Next, drawing 4 explains the relocation decision processing 312 which a control section 300 
performs. 

[0032] Storage 500 is classified into two or more groups (class 600) as a user or an initial state, and the 
classification to a class 600 is set as the class configuration information 401. Furthermore, each class 600 
is having the attribute set up as a user or initial condition, and the attribute is set as the class attribute 
information 402. The class attribute information 402 is the information about attributes, such as a 
permissible operating condition, a suitable operating condition, and priority between classes. The gestalt of 
subsequent operations explains the concrete example of the class configuration information 401 and the 
class attribute information 402. the relocation decision horizon information 405 — a user — or the period 
and period update information of operating condition information which are made into the object of the 
relocation decision processing 312 as initial condition are set up. 

[0033] An example of the relocation decision horizon information 405 is shown in drawing 5 . The period 
from initiation time to termination time turns into a horizon. Period update information is the setups of a 
next horizon, for example, may have X time amount back etc. every week and every day. A control section 
300 chooses the logic field which should perform physical relocation as compared with the permissible 
operating condition of each class 600 of the class attribute information 402 (step 1110) etc. with reference 
to the logic field operating condition information 403 on a horizon, and the physical field operating condition 
information 404 (step 1100) (step 1120). 

[0034] Furthermore, with reference to the permissible operating condition and the suitable operating 
condition of the class attribute information 402, the priority between classes (step 1130), etc., a control 
section 300 chooses the class 600 of the relocation place of a logic field (step 1140), chooses a physical 
field intact as a relocation place of a logic field from the storage 500 belonging to a class 600 further (step 
1150), and outputs a selection result to relocation information 408 (step 1160). 

[0035] An example of relocation information 408 is shown in drawing 6 . A logic field is a logic field to 
rearrange, rearranging agency physics fields are the storage number which shows the current physical field 
corresponding to a logic field, and the address in storage, and relocation place physics fields are the 
storage number which shows the physical field of a relocation place, and the address in storage. As shown 
in drawing 6 , one or more plannings of relocation are performed and it gets. Furthermore, a control section 
300 updates the horizon of the relocation decision horizon information 405 to degree batch with reference 



to the period update information of the relocation decision horizon information 405 (step 1170). In the 
above-mentioned processing, a control section 300 uses the free-space information 407 for retrieval of the 
aforementioned intact physical field, using the information 400 corresponding to logic/physics. 
[0036] An example of the free-space information 407 is shown in drawing 7 . A storage number shows each 
storage 500. The address in storage is the address which shows the field within storage 500. A storage 
number and the address in equipment show a physical field, and use / intact item shows use / intact 
distinction of a physical field. A control section 300 usually performs relocation decision processing 312 
automatically before the below-mentioned relocation executive operation 313 after a horizon. 
[0037] Next drawing 8 explains the relocation executive operation 313 which a control section 300 
performs. 

-[0038] the relocation activation time information 406 — a user — or the time and time update information 
which perform relocation executive operation 313 as initial condition are set up. 

[0039] An example of the relocation activation time information 406 is shown in drawing 9 . A control 
"section 300 performs automatically relocation executive operation 313 explained below in the set-up time. 
Time update information is setups of time which perform next relocation executive operation 313, for 
example, may have X time amount back etc. every week and every day. A control section 300 copies the 
contents stored in a rearranging agency physics field based on relocation information 408 to a relocation 
place physics field (step 1200). Furthermore, when a copy is completed and all the contents of the 
rearranging agency physics field are reflected in a relocation place physics field, a control section 300 
changes into a relocation place physics field the physical field corresponding to the logic field which 
performs relocation on the information 400 corresponding to logic/physics from a rearranging agency 
physics field (step 1210). 

[0040] Furthermore, a control section 300 considers the relocation place physics field on the intact 
physics field 470 as use, and changes a rearranging agency physics field intact (step 1220). Furthermore, a 
control section 300 updates the time of the relocation activation time information 406 to degree batch with 
reference to the time update information of the relocation activation time information 406 (step 1230). 
[0041] A user or a customer engineer can check and set up minding a network 900 from a control terminal 
700, or setting up and checking each information which the control section 300 uses by the above- 
mentioned processing through a network 900 or I/O bus 800 from a host 100, especially relocation 
information 408, and can carry out a relocation proposal for correction, an addition, deletion, etc. 
[0042] By performing the above-mentioned processing, based on the acquired operating condition 
information and the set-up class attribute, in the storage subsystem 200, physical relocation of a logic field 
can be performed automatically, and the storage subsystem 200 can be optimized. By repeating the further 
above-mentioned relocation decision and processing of activation, and correcting arrangement, the 
optimization error factor of fluctuation of an operating condition or others is absorbable. 
[0043] Especially, a user or a customer engineer can perform optimization by relocation simple by the 
above-mentioned processing. Since a user or a customer engineer can manage storage 500 in the unit of a 
class 600, it does not need to manage attributes, such as engine performance of storage 500, dependability, 
and a property, about said each storage 500. Furthermore, a user or a customer engineer can set up the 
class 600 in which each attribute of storage 500 has the same attribute also to the group which is not 
equal if needed, and can treat it as one management unit. However, it is able for one storage 500 to 
consider that one class 600 is constituted, and to process the above-mentioned relocation by making one 
storage 500 into a management unit. 

[0044] Moreover, a user or a customer engineer can perform the above-mentioned relocation automatically 
in consideration of the description and schedule of the processing Gob) performed by the host 100. 
Generally, I/O accompanying the processing performed with a computing system and this processing is 
performed in conformity with the schedule created by the user. A user can specify the period of 
processing, when it has processing to make into the object of optimization especially, a user can specify an 
interested period, and can make relocation decision able to process to the storage system 200 by 
processing of relocation in which it explained with the gestalt of this operation, namely, optimization by the 
above-mentioned relocation can be realized based on the operating-condition information on said period. 
Moreover, the inclination of the processing performed with a computing system and I/O shows the 
periodicity for every month and every year day by day in many cases. Especially, periodicity becomes 
remarkable when processing is processing based on a routine task. Like the above-mentioned case, 
especially a user can specify the period which is interested as a candidate for optimization in a period, and 
can perform optimization by relocation. Moreover, in the relocation executive operation 313, although 
accompanied by the copy of the contents of storing within the storage system 200, a user is setting up the 
period when the demand processing engine performance of processing the storage system's 200 being 
performed by the time of day currently seldom used or the host 100 is low as activation time of day of the 



relocation executive operation 313, and it can avoid that I/O to the storage system 200 of processing that 
the .demand processing engine performance in a host 100 is high is checked by the copy. 
[0045] In addition, storage 500 may be a storage which may have the engine performance, dependability, a 
property different, respectively, and an attribute different, respectively, and is specifically especially 
different like a magnetic disk drive, a magnetic tape unit, and semiconductor memory (cache). Moreover, 
although [ the above-mentioned example ] the free-space information 407 is described based on a physical 
field, it may be described based on the logic field (logical address) corresponding to an intact physical field. 
[0046] The gestalt of <gestalt of the second operation> book operation explains the relocation decision by 
application of the disk unit activity ratio as operating condition information, the upper limit of a class 600, 
ahd the engine-performance ranking between classes 600. 

-[0047] Drawing 10 is the block diagram of the computing system in the gestalt of operation of the 2nd of 
this invention. 

[0048] The computer system of the gestalt of this operation comes to have a host 100, the disk array 
system 201, and a control terminal 700. The computer system in the gestalt of this operation is equivalent 
to what used the storage subsystem 200 in the gestalt of the 1st operation as the disk array system 201, 
and made the store 500 the parity group 501. 

[0049] The disk array system 201 has a control section 300 and a disk unit 502. A control section 300 is 
equivalent to the control section 300 in the gestalt of the 1st operation. The disk unit 502 constitutes 
RAID (disk array) from n sets (n is two or more integers), and calls the group by n sets of these disk units 
5Q2 the parity group 501. As a property of RAID, n sets of the disk units 502 contained in one parity group 
501 have the relation on the redundancy that the redundancy data generated from the contents of storing 
of n-1 set of a disk unit 502 are stored in the one remaining sets. Moreover, it has the relation on data 
storage — distributed storing of the contents of storing in which n sets of disk units 502 included 
redundancy data is carried out at n sets of disk units 502 a sake [ on a juxtaposition actuation 
disposition ]. Although it can consider from this relation that each parity group 501 is one unit on actuation 
Since cost, performance characteristics, etc. for redundancy, Number n, etc. to realize differ from each 
other, In constituting the disk array system 201, also about the disk unit 502 which the array (parity group 
501) from which level and Number n differ is made intermingled in many cases, and constitutes the parity 
group 501 In order to realize optimal cost performance in constituting the disk array system 201 since cost 
changes with the engine performance, capacity, etc., two or more sorts of disk units 502 from which the 
engine performance and capacity differ may be used. Therefore, each parity group 501 who builds the disk 
array system 201 in the gestalt of this operation does not restrict that attributes, such as engine 
performance, dependability, and a property, are the same, but presupposes that it is different about 
especially the engine performance. 

[0050] An example of the information 400 corresponding to logic/physics in the gestalt of this operation is 
shown in drawing 1 1 . 

[0051] The logical address is the address which shows the logic field which a host 100 uses by the 
read/write processing 310. A physical address is the address which shows the field on the disk unit 502 in 
which data and said redundancy data are actually stored, and consists of the parity group number, each 
disk unit number, and the address in a disk unit. The parity group number shows each parity group 501. A 
disk unit number shows each disk unit 502. The address in a disk unit is the address which shows the field 
within a disk unit 502. Although a control section 300 uses for and processes the information about 
redundancy data by said read/write processing 310 etc. as actuation of RAID, it does not touch about said 
processing by explanation of the gestalt of this operation especially here in order to explain the parity 
group 502 as one unit on actuation. 

[0052] further — the gestalt of the 1st operation — the same — the parity group 501 — a user — or it is 
classified into two or more groups (class 600) as an initial state, and the classification to a class 600 is set 
as the class configuration information 401. An example of the class configuration information 401 is shown 
in drawing 12 . 

[0053] A class number is a number which shows each class 600. Parity group number shows the number of 
the parity groups belonging to each class 600. The parity group number shows the parity group number 501 
belonging to each class 600. Similarly, the attribute of each class 600 is set as the class attribute 
information 402. An example of the class attribute information 402 in the gestalt of this operation is shown 
in drawing 13 . 

[0054] A class number is a number which shows each class 600. An activity ratio upper limit is a upper 
limit which shows the tolerance of the below-mentioned disk activity ratio, and is applied to the parity 
group 501 to whom a class 600 belongs. Class intersex ability ranking is the engine-performance ranking 
between classes 600 (the small thing of a figure presupposes that it is highly efficient). Class intersex 
ability ranking is based on the above-mentioned engine-performance difference in the parity group 501 who 



constitutes each class 600. About a relocation activation upper limit and immobilization, it mentions later. 
[0055] Drawing 14 explains the operating condition information acquisition processing 311 in the gestalt of 
this operation. 

[0056] A control section 300 acquires the time of the disk unit 502 used in the read/write processing 310 
like the gestalt of the 1st operation, finds the time per unit time amount (activity ratio), further, about the 
parity group 501 to whom a disk unit 502 belongs, computes the average of an activity ratio (step 1300), 
and records an activity ratio average on the logic field operating condition information 403 as a disk unit 
activity ratio about the logic field used as a read/write object (step 1310). Moreover, a control section 300 
asks for the sum of the disk unit activity ratio of all the logic fields corresponding to the parity group 501 
(step 1320), and records it on the physical field operating condition information 404 as the parity group's 
-501 activity ratio (step 1330). 

[0057] An example of the logic field operating condition information 403 in the gestalt of this operation and 
the physical field operating condition information 404 is shown in drawing 1 5 and drawing 16 . 
[0058] Time shows the time of every sampling period (a fixed period), the logical address shows a logic 
field, the parity group number shows each parity group, and the disk unit activity ratio and parity group 
activity ratio of a logic field show the average activity ratio in said sampling period, respectively. The 
activity ratio of the above disk units 502 is a value which shows the load concerning a disk unit 502, and 
since the disk unit 502 may serve as an engine-performance bottleneck when an activity ratio is large, the 
improvement in the engine performance of the disk array system 201 is expectable by lowering an activity 
ratio by relocation processing. 

[0059] Next, drawing 17 explains the relocation decision processing 312. 

[0060] A control section 300 acquires the parity group 501 belonging to a class 600 from the class 
configuration information 401 about each class 600 (step 1300). Then, a control section 300 acquires a 
horizon with reference to the same relocation decision horizon information 405 as the gestalt of the 1st 
operation, further, about the parity group 501, acquires the parity group activity ratio of the physical field 
operating condition information 404 on a horizon, and totals (step 1320). Then, a control section 300 
acquires the activity ratio upper limit of a class 600 with reference to the class attribute information 402 
(step 1330). It is judged that a control section 300 is [ relocation of the logic field corresponding to the 
parity group 501 ] required since a parity group activity ratio is compared with a class upper limit, and 
when a parity group activity ratio is larger than a class upper limit reduces the parity group's 501 activity 
ratio (step 1340). 

[0061] Then, with reference to the logic field operating condition information 403 on a horizon, a control 
section 300 acquires the disk unit activity ratio of the logic field corresponding to each physical field of the 
parity group 501 judged that relocation is required, totals (step 1350), and it chooses from what has a large 
disk unit activity ratio as a logic field to rearrange (step 1360). Selection of a logic field subtracts the disk 
activity ratio of the logic field chosen from the parity group's 501 activity ratio, and it is performed until it 
becomes below the activity ratio upper limit of a class 600 (1370). Since it is thought that the effect to the 
parity group's 501 activity ratio of the logic field where a disk unit activity ratio is large is also large, and its 
access frequency to the logic field from a host 100 is also large, it is rearranging preferentially the logic 
field where a disk unit activity ratio's is large, and the effective engine-performance improvement of the 
disk array system 201 can be expected. 

[0062] A control section 300 looks for the physical field used as the relocation place about the selected 
logic field. A control section 300 acquires the intact physics field of the parity group 501 who belongs to a 
high performance class with reference to the class configuration information 401 and the same free-space 
information 407 as the gestalt of the 1st operation with reference to the class attribute information 402 
from the class 600 to which the parity group 501 belongs paying attention to the class 600 (high 
performance class) of a high order [ ranking / engine-performance ] (step 1380). 

[0063] Furthermore, a control section 300 calculates the forecast of the parity group activity ratio at the 
time of considering as a relocation place about each intact physics field (step 1390). The intact physics 
field it can be predicted that does not exceed the upper limit set as the high performance class out of an 
intact physics field when it considers as a relocation place It chooses as a physical field of a relocation 
place (step 1400), and a selection result is outputted to relocation information 408 like the gestalt of the 
1st operation (step 1410). Processing will be ended if it finishes choosing the physical field of a relocation 
place about all the selected logic fields (step 1420). 

[0064] In the gestalt of this operation, in addition to the gestalt of the 1st operation, a control section 300 
holds parity group information 409, and computes an activity ratio forecast from parity group information 
409, the logic field operating condition information 403, and the physical field operating condition 
information 404. 

[0065] An example of parity group information 409 is shown in drawing 18 . The parity group number is a 



number which shows each parity group 501. A RAID configuration shows the level and the number of a disk 
of RAID ,k which the parity group 501 constitutes, and a redundancy configuration. The disk unit engine 
performance shows the performance characteristics of the disk unit 502 which constitutes the parity group 

501. About immobilization, it mentions later. By making into the parity group 501 of a high performance 
class the relocation place of the logic field where a disk unit activity ratio is large in the above-mentioned 
processing, the disk unit time to the same load can be shortened, and the disk unit activity ratio after 
relocation of a logic field can be controlled. 

[0066] although relocation executive operation 313 is performed like the gestalt of the 1st operation, as it 
is shown in drawing 1 9 , before a control section 300 performs the copy for relocation — the class 
attribute information 402 — referring to — the class 600 of a rearranging agency and a relocation place — 
-a user — or the relocation activation upper limit set up as initial condition is acquired (step 1500). 
Furthermore, with reference to the physical field operating condition information 404, the latest parity 
group activity ratio of the parity group 501 of a rearranging agency and a relocation place is acquired (step 
1510), and when the parity group activity ratio is over the relocation activation upper limit in one [ at 
least ] class 600 as a result of the comparison, (steps 1520 and 1530) and the relocation executive 
operation 313 are stopped or postponed (step 1540). 

[0067] It can avoid that a load arises further by said copy when the parity group's 501 activity ratio is 
large, namely, a user's load is expensive by the above-mentioned processing, and the upper limit for 
evasion can be set as arbitration every class 600. 

[0068] By processing as mentioned above, selection of the logic field physically rearranged based on the 
operating condition of a disk unit 502 and selection of the physical field of a relocation place can be 
performed based on a class configuration and an attribute, relocation can distribute the load of a disk unit 

502, and arrangement for which the activity ratio of the parity group 501 belonging to a class 600 does not 
exceed the activity ratio upper limit set as each class 600 can be realized. By repeating processing of 
relocation decision and activation furthermore, and correcting arrangement, fluctuation and the prediction 
error of an operating condition are absorbable. 

[0069] Although a control section 300 totals with reference to the parity group activity ratio of the physical 
field operating condition information 404 on a horizon, and the disk unit activity ratio of the logic field of 
the logic field operating condition information 403 and being used for decision in the relocation decision 
processing 312 For example, instead of using the average of all the values of a horizon, the method of using 
the value of m high orders in a horizon is also considered, and the approach using the value of the m-^th 
high order is also considered (m is one or more integers). A user can choose and use only the 
characteristic part of an operating condition, and can make the relocation decision processing 312 perform 
by a user enabling it to choose these approaches. 

[0070] In the above-mentioned relocation decision processing 312, although [ a control section 300 ] the 
required parity group 501 of relocation of a logic field is detected about all the classes 600 of the disk 
array system 201, a control section 300 is good [ a control section ] about the class 600 to which the fixed 
attribute is set with reference to the class attribute information 402 also as outside of the object of 
detection before said detection. Moreover, a control section 300 is good as outside of the object of 
detection similarly about the parity group 501 by whom the fixed attribute is set up with reference to parity 
group information 409. Moreover, although [ a control section 300 ] the physical field of a relocation place 
is chosen from the intact physics field of the parity group 501 belonging to a high performance class, you 
may make it engine-performance ranking treat the high-order class 600 as a high performance class 
further as outside of an object about the class 600 to which the fixed attribute is set in the relocation 
decision processing 312. Moreover, about the parity group 501 by whom the fixed attribute is set up, it is 
good also as outside of an object. By treating the class 600 or the parity group 501 by whom the fixed 
attribute is set up as mentioned above, a user can set up the class 600 or the parity group 501 who wants 
to produce the effect of physical relocation in the automatic above-mentioned relocation processing, and 
can be taken as the outside of the object of relocation. 

[0071] The gestalt of <gestalt of the third operation> book operation explains relocation decision within the 
same class 600. The computing system in the gestalt of this operation is the same as that of the gestalt of 
the 2nd operation. However, with the gestalt of this operation, two or more parity groups 501 belong to one 
class 600. If processing with the gestalt of this operation removes the relocation decision processing 312, 
it is the same as that of the gestalt of the 2nd operation. Moreover, selection (step 1600) of the logic field 
rearranged also about the relocation decision processing 312 is the same as that of the gestalt of the 2nd 
operation. 

[0072] Drawing 20 explains selection of the physical field of the relocation place in the relocation decision 
processing 312 with the gestalt of this operation. 

[0073] Although engine-performance ranking chooses the physical field of a relocation place from the high- 



order class 600 with the gestalt of the 2nd operation from the class 600 to which the physical field of a 
rearranging agency belongs, it chooses from parity groups 501 other than the rearranging agency of the 
same class 600 with the gestalt of this operation. A control section 300 acquires the intact physics field of 
parity groups 501 other than the rearranging agency belonging to the same class 600 with reference to the 
class configuration information 401 and the free-space information 407 (step 1610). A control section 300 
calculates the forecast of the parity group activity ratio at the time of considering as a relocation place 
about each intact physics field (step 1620). The intact physics field it can be predicted that does not 
exceed the upper limit set as the same class 600 out of an intact physics field when it considers as a 
relocation place It chooses as a physical field of a relocation place (step 1630), and a selection result is 
oxitputted to relocation information 408 like the gestalt of the 2nd operation (step 1640). Processing will be 
ended if it finishes choosing the physical field of a relocation place about all the logic fields to rearrange 
(step 1650). 

[0074] The above-mentioned processing can distribute the load of a disk unit 502 in the same class 600. 
The parity group 501 of the disk array system 201 can apply the above-mentioned art to the configuration 
which belongs to one class 600 (single class) altogether. Moreover, when it combines with the art explained 
with the gestalt of the 2nd operation for example, it sets to selection of the intact physics field of a 
relocation place, and the case where the intact physics field for the high-order class 600 where engine- 
performance ranking is more suitable than the class 600 of a rearranging agency is not obtained, and 
engine-performance ranking can apply to processing in the top class 600. the activity ratio upper limit from 
which the art in the gestalt of the 2nd operation and the art in the gestalt of this operation differ about 
each class 600 when it combines with the art explained with the gestalt of the 2nd operation — you may 
use — namely, — therefore, the class attribute information 402 may have two kinds of activity ratio upper 
limits, or difference about each class 600. 

[0075] In the relocation decision processing 312 with the gestalt of the 2nd operation with the gestalt of 
<gestalt of the fourth operation> book operation When the intact physics field of a relocation place is not 
found from the class 600 of a rearranging agency in the class 600 (high performance class) of a high order 
[ ranking / engine-performance ] In order to obtain a relocation place, the engine-performance ranking 
performed explains processing of the relocation from the high performance class to the class 600 (low 
engine-performance class) of lower order more. 

[0076] The computing system in the gestalt of this operation is the same as that of the gestalt of the 2nd 
operation. Drawing 21 explains the relocation decision processing 312 in the gestalt of this operation. 
[0077] A control section 300 acquires the parity group 501 belonging to a high performance class from the 
class configuration information 401 (step 1700). Then, a control section 300 acquires a horizon with 
reference to the same relocation decision horizon information 405 as the gestalt of the 1st operation (step 
1710), acquires the disk unit activity ratio of the logic field corresponding to each physical field of the 
parity group 501 with reference to the logic field operating condition information 403 on a horizon (step 
1720), and chooses it from what has a small disk unit activity ratio as a logic field rearranged to a low 
engine-performance class (step 1730). At this time, selection of a logic field is performed as required (step 
1740). 

[0078] Then, although the physical field used as the relocation place about the selected logic field is 
chosen from the parity group 501 belonging to a low engine-performance class, the control section 300 of 
processing of physical field selection of a relocation place is the same as that of processing with the 
gestalt of the 2nd operation, if the high performance class made into the relocation place in processing 
explanation with the gestalt of the 2nd operation is read as a low engine-performance class (step 1750). 
Moreover, processing of others in the gestalt of this operation is the same as processing with the gestalt 
of the 2nd operation. 

[0079] By performing the above— mentioned processing, when the intact physics field of a relocation place 
is not found in a high performance class in the relocation decision processing 312 with the gestalt of the 
2nd operation, relocation of a logic field can be performed from a high performance class in advance of the 
relocation to a high performance class to a low engine-performance class, and the intact physics field of a 
relocation place can be prepared for a high performance class. A control section 300 can prepare intact 
physics field where a repeat line is sufficient for the above-mentioned processing if needed. 
[0080] Although the disk time to the same load may increase about relocation and the disk unit activity 
ratio after relocation of a logic field may increase since the relocation place of a logic field is made into the 
parity group 501 of a low engine-performance class, the effect of increase can be suppressed to the 
minimum by making it rearrange from the logic field where a disk activity ratio is small. 

[0081] With the gestalt of <gestalt of the fifth operation> book operation, an access classification attribute 
is prepared in one of the attributes of a class 600, and the relocation decision for carrying out physical 
relocation of the logic field where a sequential access is notably performed using an access classification 



attribute, and the logic field where random access is performed notably automatically in other parity groups 
50t, and separating them is explained. 

[0082] The computing system in the gestalt of this operation is shown in drawing 10 . In addition to 
explanation with the gestalt of the 2nd operation, with the gestalt of this operation, the following 
information which a control section 300 holds is used. 

[0083] An example of the class attribute information 402 on the gestalt of this operation is shown in 
drawing 22 . In this example, when access classification is added to the example in the gestalt of the 2nd 
operation and the access classification of a class 600 is set up sequentially, for example, it is shown that it 
is set up that a class 600 is suitable for a sequential access. 

["0084] An example of the logic field operating condition information 403 on the gestalt of this operation is 
"shown in drawing 23 . In this example, the rate of a sequential access and the rate of random access are 

applied to the example in the gestalt of the 2nd operation. 
m [0085] Furthermore, in addition to the gestalt of the 2nd operation, in the gestalt of this operation, a 

control section 300 holds the access classification reference-value information 410 and the logic field 

attribute information 411. 

[0086] An example of the access classification reference-value information 410 is shown in drawing 24 . a 
user — or the reference value used for the judgment of the below-mentioned access classification is set 
to the access classification reference-value information 410 as initial condition. Moreover, an example of 
the logic field attribute information 41 1 is shown in drawing 25 . An access classification hint is the access 
classification which can be expected to be notably carried out about each logic field, and a user sets it up. 
About immobilization, it mentions later. 

[0087] If processing with the gestalt of this operation removes the operating condition information 
acquisition processing 311 and the relocation decision processing 312, it is the same as that of the gestalt 
of the second operation. 

[0088] Drawing 26 explains the operating condition information acquisition processing 31 1 in the gestalt of 
this operation. 

[0089] Like the operating condition information acquisition processing 31 1 with the gestalt of the 2nd 
operation, a control section 300 computes the disk unit activity ratio about a logic field (steps 1800 and 
1810), analyzes the contents of an activity ratio in the read/write processing 310, computes the ratio of a 
sequential access and random access about an activity ratio (step 1820), and records an activity ratio and 
an access classification ratio on the logic field operating condition information 403 (step 1830). Moreover, a 
control section 300 performs calculation of a parity group activity ratio, and record to the physical field 
operating condition information 404 like the gestalt of the 2nd operation (steps 1840 and 1850). 
[0090] In the relocation decision processing 312 in the gestalt of this operation, selection of the logic field 
to rearrange is the same as that of the gestalt of the 2nd operation (step 1990). Drawing 27 explains 
selection of the physical field of the relocation place in the relocation decision processing 312. 
[0091] A control section 300 acquires the rate of a sequential access about the logic field to rearrange 
with reference to the logic field use information 403 (step 1910), and compares with the reference value 
set as the access classification reference— value information 410 (step 1920). When the rate of a sequential 
access is larger than a reference value, a control section 300 investigates whether with reference to the 
class attribute information 402, the class 600 (sequential class) to which access classification is set as it is 
sequential exists (step 1950). When a sequential class exists, a control section 300 acquires the intact 
physics field of parity groups 501 other than the rearranging agency belonging to a sequential class with 
reference to the class configuration information 401 and the free-space information 407 (step 1960). 
Furthermore, a control section 300 calculates the forecast of the parity group activity ratio at the time of 
considering as a relocation place about each intact physics field (step 1970). The intact physics field it can 
be predicted that does not exceed the upper limit set as the sequential class out of an intact physics field 
when it considers as a relocation place It chooses as a physical field of a relocation place (step 1980), and 
a selection result is outputted to relocation information 408 like the gestalt of the 2nd operation (step 
1990). A control section 300 computes an activity ratio forecast from the same parity group information 
409 as the gestalt of the 2nd operation, the logic field operating condition information 403 in the gestalt of 
this operation, and the physical field operating condition information 404. 

[0092] In the aforementioned comparison, when the rate of a sequential access is below a reference value, 
a control section 300 investigates whether with reference to the logic field attribute information 411, it is 
set up that an access classification hint is sequential about a logic field (step 1940). When it is set as the 
access classification hint that it is sequential, a control section 300 investigates the existence of a 
sequential class like the above (step 1950), and when a sequential class exists, the physical field of a 
relocation place is chosen from a sequential class (steps 1 960-1 990). 

[0093] In the aforementioned comparison, the rate of a sequential access is said below reference value, 



and when an access classification hint is not still more sequential, or when a sequential class does not 
exist, a control section 300 chooses the physical field of a relocation place from classes 600 other than a 
sequential class like the gestalt of the 2nd operation (step 2000). 

[0094] The logic field where a sequential access is notably performed by the above-mentioned processing 
using the access classification and the activity ratio upper limit which were set as each class 600 as an 
attribute to mixture of the remarkable sequential access in the same parity group 501 and random access, 
and the logic field where random access is performed notably can be automatically rearranged in a different 
parity group 501, it can separate into separation 502, i.e., a different disk unit, and the response engine 
performance especially to random access can be improved. 

[0095] Moreover, in the above-mentioned processing although [ a control section 300 ] automatic 
"separation by relocation is performed paying attention to a sequential access, it is also possible to perform 
said separation similarly paying attention to random access. 

.[0096] Supposing a control section 300 does not rearrange a logic field when the fixed attribute is specified 
as the logic field with reference to the logic field attribute information 41 1 when the logic field to rearrange 
is chosen in the above-mentioned relocation decision processing 312, when there is a logic field considered 
that especially a user does not want to rearrange, a logic field can make into the outside of the object of 
relocation by setting up a fixed attribute. The processing about the above-mentioned fixed attribute is 
using the logic field attribute information 411, and can be applied also to the gestalt of the above- 
mentioned operation. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the computing system in the gestalt of operation of the 1st of this 
invention. 

[Drawing 2] It is the flow chart of the read/write processing 310 with the gestalt of operation of the 1st of 
this invention, and the operating condition information acquisition processing 311. 

[Drawing 3] It is drawing showing an example of the information 400 corresponding to logic/physics on the 
gestalt of operation of the 1st of this invention. 

[Drawing 4] It is the flow chart of the relocation decision processing 312 with the gestalt of operation of 
the 1st of this invention. 

[Drawing 5] It is drawing showing an example of the relocation decision horizon information 405 on the 
gestalt of operation of the 1st of this invention. 

[Drawing 6] It is drawing showing an example of the relocation information 408 in the gestalt of operation of 
the 1st of this invention. 

[Drawing 7] It is drawing showing an example of the free-space information 407 on the gestalt of operation 
of the 1st of this invention. 

[Drawing 8] It is the flow chart of the relocation executive operation 313 in the gestalt of operation of the 
1st of this invention. 

[Drawing 9] It is drawing showing an example of the relocation activation time information 406 in the gestalt 
of operation of the 1st of this invention. 

[Drawing 10] It is the block diagram of the computing system of the gestalt of operation of the 2nd of this 
invention, and the gestalt of the fifth operation. 

[Drawing 11] It is drawing showing an example of the information 400 corresponding to logic/physics on the 
gestalt of operation of the 2nd of this invention. 

[Drawing 12] It is drawing showing an example of the class configuration information 401 in the gestalt of 
operation of the 2nd of this invention. 

[Drawing 13] It is drawing showing an example of the class attribute information 402 on the gestalt of 
operation of the 2nd of this invention. 

[Drawing 14] It is the flow chart of the operating condition information acquisition processing 31 1 with the 
gestalt of operation of the 2nd of this invention. 

[Drawing 15] It is drawing showing an example of the logic field operating condition information 403 on the 
gestalt of operation of the 2nd of this invention. 

[Drawing 16] It is drawing showing an example of the physical field operating condition information 404 on 
the gestalt of operation of the 2nd of this invention. 

[Drawing 1 7] It is the flow chart of the relocation decision processing 312 with the gestalt of operation of 
the 2nd of this invention. 

[Drawing 18] It is drawing showing an example of parity group information 409 in the gestalt of operation of 
the 2nd of this invention. 

[Drawing 1 9] It is the flow chart of the relocation executive operation 313 in the gestalt of operation of the 
2nd of this invention. 

[Drawing 20] It is the flow chart of the relocation decision processing 312 with the gestalt of operation of 
the 3rd of this invention. 

[Drawing 21] It is the flow chart of the relocation decision processing 312 with the gestalt of operation of 
the 4th of this invention. 

[Drawing 22] It is drawing showing an example of the class attribute information 402 on the gestalt of 
operation of the 5th of this invention. 

[Drawing 23] It is drawing showing an example of the logic field operating condition information 403 on the 
gestalt of operation of the 5th of this invention. 



[Drawing 24] It is drawing showing an example of the access classification reference-value information 410 
on the gestalt of operation of the 5th of this invention. 

[Drawing 25] It is drawing showing an example of the logic field attribute information 41 1 on the gestalt of 
operation of the 5th of this invention. 

[Drawing 26] It is the flow chart of the operating condition information acquisition processing 31 1 with the 
gestalt of operation of the 5th of this invention. 

[Drawing 27] It is the flow chart of the relocation decision processing 312 with the gestalt of operation of 
the 5th of this invention. 
[Description of Notations] 
100 Host 

"200 Storage Subsystem 
201 Disk Array System 
. 300 Control Section 

310 Read/write Processing 

311 Operating Condition Information Acquisition Processing 

312 Relocation Decision Processing 

313 Relocation Executive Operation 

400 Information corresponding to Logic/Physics 

401 Class Configuration Information 

402 Class Attribute Information 

403 Logic Field Operating Condition Information 

404 Physical Field Operating Condition Information 

405 Relocation Decision Horizon Information 

406 Relocation Activation Time Information 

407 Free-Space Information 

408 Relocation Information 

409 Parity Group Information 

410 Access Classification Reference-Value Information 

411 Logic Field Attribute Information 

500 Storage 

501 Parity Group 

502 Disk Unit 
600 Class 

700 Control Terminal 
800 I/O Bus 
900 Network 
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X7-l>X>ib2> a f-rX^TW^Xr/^lcItSSSii: 20 
LTte, D. A. Patterson. G. Gibs 
on, and R. 11. K a t s, " A Case 
for Redundant Arrays of I 
nexpensive Disks (RAID)" 
(in Proc. ACM SIGMOD, pp. 
109-116, June 1988) tffcS. C© 

mscx-it, jtfitt*f*ta Lfcfw x^7W->xf^c 

^TV^. cn£>©«53'Jtcjta*.T\ 7Cftfj£*SL©-rV 
X^7H'->Xf^U^;l/0i:«f.Si:i:*,fc5„ ±IS 30 
©^l^Wi^Mttft^tcJ: Oii&J-rSfc&Qnx h V 

ttteWtefc£*<jfitt*fca, fvxww->xfi»^ 
© c t v r- -< y tv— -ft. 

[0 0 0 3] f-fX^gfa, ttS^SMftiftciOn 

fcoTBsMft^X h/^7*-WX^rHIl-r^/ci6tc, 

£ c i: A^So 40 
[0 0 0 4] ^VX^Zl^^X^AKZ^Sn^f-*— 
£ £±f E© «t ^ fc -rV X * gffitc f>S£ L X UWt 5 fz 
46, ^VX^rU^^X^Ati, fa^7W->Xf 
A K Sit f S * X h n v k° a - 9 tfi 7 >7 -tr X r * Sm a IS 
«®J££ f-V x ^eilolBttflW«^maE1tM«o 

tttfrcJtf (7KUXi«) SriT?o «FM¥9-2 7 4 5 
4 4 -5f (±, *X h 3 > fcf jl - £ £ OlmiIfaiS?fl 

L T»?l!WWKIf3*ff 3 «fc <0 , MM S ttfc t-- * 50 



©iiaMEiS^si-r sf-r x^7W ->xf a^wi^s 

[0 0 0 5] 

[«WI««Wi*bJ: 3 4: "*"*.»»!] WhWJ- 2 7 4 5 4 

[0 0 0 6] MBE!S{-rs^31fBtr<MM©iaiR*5«}:r>-BBe 

XriOa-fl fctif^Mtf, MSS-rV X * 7' U-T > 
Xt-AW^^W-?©^/ X^Sffi©1# fi-^ttHlft if© 

[0 0 0 7] vVX^7'b^:>X^AA s MR£:l'l 

B^rVx? &B0>flMR*flfcB L T i8tRS*M6;&£l5g 
Lftttfttf ft <E>?\ ^fi 0 If £ fcttft^HlcJ: 

)i^>mm<D r ^ x ^ gicgftt 5 f ^ x ^ 7 u-r ->x 

7- A tc T »1M2«90ffl«i * ^ti^-T £ „ 
[0 0 0 8] $fc, xVX^TL-r->X7-AA^jl*R©fc 
i6(cfT-5 I /0 7-^-trXlff$@©#P,sii, ^Xhn^tfo. 
— ^fcJcaV-f X^7' U"T ->XxA?r#tyv'X-7 i ATiT 

n -5 iasi! © x -y a - ;b © wi± * ^ l t o ^ ft t3 

tc#3 I /0(i. 3.-+ftcJ;t3Tf / F)iSc^tT/cX^-v ; 3.— 
;WcliJ^TfT^tiT4o»3> *fc«ia*5J:tf I /0©<«fa 
ttHtt, ¥»fti:'©^lW'l4^7T^ii#t^<, - 

[0 0 0 9] $fc±8e?^*Stt5{Cfc^T, HIEBK«feS 
ttff^ a -=. > ^73 ffi-tc >T ti WT©SRffijb , «fc § o Wj 
BJIW^iffiififc ± § ttft^^ i > ^"7f?£t±> f^X^g 
itt, Tftta-6, »?l!iEta«lW©ttilJtt»EK:aEl|f*iniA* 
t©T^5A^ f^5(5©ftf^C*5l/^Tti, t>xhnytfa 

-^^eoieaiEfifHWKWr* i /or^-trxtco^ 

S?tJ «t ^SieS^c© ! f%iasB1f:pWt!t©}li*R 35 fz 0 . IE L 
V^tRA^T^-ftV^tlttA^ofcc 
[0 0 10] £/c, *;X hrivtfa. — ^A>t>©->— >ri/ 
-> + ^ -tr X £ 7 > 9 L.7 9 -tr X ftWtffc . R-©-^ 

n§tSi^T't, ->-ty->t^7^-fexi:7y^7^ 

■tx^sftsf'-T x^gHic«-gfr«.fci6{c. sse^ 

SC^fiT-tftfrofco — flgic. t>Xhn>tfa-^^ 
^©SfiaSf^i: LT, -r— ^fi©'hSv^>^A7'^-t: 

m— -rV X ^ 8I(c -r— ^ S©^: t <^->— ^ -v 
* -tr X Jb^fe-T 7yx*A7^-b X O ftSftNU: 

i/— f ri/iy ^ -tr X©jat?l!{cB;l',!f S tiTM < ft t) , 



[0 0 1 1] -&mH<D®-<Dm>M. fVX^ZWy 

*n o rc&b<Di'p%%:mmc? s c fc tc & § „ 

[0 0 12] *W*Fl<Dm—<0®m*. JhXhn^lfa.— 
£ *5 <fc tf-r-f X ^ z U-f ~> X r- A £ la-Cr -> X f A t? «® 
lOX^r V -jl%3§m L fcffEBtc <t § EEflSiSftS: 

[0013] *iewos=oswtt» siEfi-r^iiafa 

fc 0 , *|ROEtt««-p** v*^ X^llcDisgffltfifMc 
J, W < Hitfi* f t 3 x f^»7'WyXfAiO Hill tP75?i 
J: -r -r X * 7- Is* is X -r A fcfiSflW & c 4: lc & 3 0 

[oo i 4] *mft<omm(ommz. f-cx}'7w-> 

+ ;l/7^-trXfc7^A7^t X ©rl&ic fct L , BEH 
y^^I/T^Xfcitf^V^AT^X^S&S-rV 

x * ge® tc g wje^jtc »^-r § c t & x 1 § «fc ? tc -r s c 

fctc£>S 0 20 
[0 0 15] 

-f X^T U-fi'X^.Mi, ETOjfif&O-rw- X^giO 

'j-K/7^Kw*m mmtmrnm tfvx^-i 
— owsawaEfMWSK ^ s fc fc t> tc^areitfi 

[0 0 16] £fc, ±!Blg-«@e^?Wtt-3fc&Mc. 
x-CX^TU-Y^X-7-Ati, {fffltt?fltif$g£SiiL, IS 

PlEift5fc*jfcfc^5¥l8fc. ^L'SftfcRSIHJfcfflEiH* 40 
fT 3 ^IS^Wx. § c fc T* 2 % 0 

[0017] mtz. ±.izm=<DBw%nm?%rcibic. 
[0018] ±aaseg<oBW*ii3H-rs/'ci6fc, 

r-fX^7Wi'Xf^ S-^XtcJl'ftfc LTSf 
^ttfctti&T^-trXfiSiJ (^-^Vyt/l'/^y^ 
*-fe*81B'J) fcffJWifSfitt^ffil^T, ^7XCf(llf 
±|5J»&i * Tt>5 HEIflSKf 6 WESEM" § iiii'lI.Etfift'i so 
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Iff *S!JR U HaEISfWctt-r 57 *-feXf!8i|©#ffi 

iiS*fc ffi-3t, > r »aiiBteMi«osES5to * 9 x a 

* 7 * -b X ffiS'J© ^7X^6, & 7 ^ X Offiffl*±Hffi 
[ooi y] 

[5gBJ1©iHfitBOJKfg] *f£W©?»?fil©Jgf§£:[a l 

[0 0 2 0] <m— ©3lfifii©JK!l8>^)5E©^fST'«, 
^7X6 0 0CI^< I5ES©« fc , BEBBWBffc <fc 

[0 0 2 1 ] 0 1 ti, *5fH^£D^ 1 (Dnmnfcmicteii 
§ - >Xri> OWjsKH -C* So 

[0 0 2 2] ^'JteOJBfitCti^Sii+^^X-rAti, 
*Xhl00, X h U— ^7->XfA, 2 0 0, IliWlili,! 
5(57 0 

[0 0 2 3] *XH00ii, Xh Is— W7*s7.7-h 

2 0 01:1/0^X8 0 0^11*181, Xhl/->" 
+>"7"vX7 u A2 0 OlCtiLV— Y^s( \~co i /o^rtf 
7o \/0<DU, t«XH0 0ti, X l~ \s— "J^-T\ss\ 
y- U 2 0 0 ©ES1S«tco^T!SJlfSl«*fii^f S 0 I 
/O^X 8 0 OCOfflJfc LTii, ESCON, SCSI, 

[0 0 2 4] Xh U— ^if/v-X-r A 2 0 0 Si, 

3 0 0fc±0 : 1ig»Offit8SeH5 OO^tSo $i|»g|S3 

0 0«, y-K/5YHfll3 1 0, ffifflK0£WIB%W 

sa®3 1 i, BE«Wirsaa3 1 2, atraEBUffaa 

113 1 3^rff3o £tc. XM/->WyXrA2 0 0 

t±, m/fti«it;«i4oo, ^7XMti4 0 

1 , ^5X;«tt'|-«$S4 0 2, ttJlftfUffifflttftflfflH 0 
3 . M9!flH«fi!ffi«0i1flffi 4 0 4, HEBiajMrjttftffim 
WIS 4 0 5, BEe^fTBfgiJ1f$B4 0 6, 

1^07, Rzimwrnm^ 0 8 

[00 2 5] *XM00, ;iii|Wf3 0 0, fciWIiW 
«7 0 0(i, 7>7h7-^9 0 0T'gI?tl§ o *v 
0 OCD^JfcLTti, FDD1, T'y-T/^^-V 

[ 0 0 2 6 ] *X h 1 0 0, ®\Wm 3 0 0, $3£ZffflB 
JS* 7 0 0 &c , T*(DmWZVi otctbco^^V. C 
p u^fc, tmmicts^r— KHcm*Z>ti&tof£BMt> 

>Mx^rab, ccxitmm&ttmtZo 

[00 2 7] *Xhl00tf, XF U—>'^7->XrA 

2 0 OlCftLXV— K/^-< h*ff 3»fifOU — K/5 
-YhMS3 1 0, *3J:t>Wtti5E'lf^t#®II3 l He 
-3t/>Tia2Tl^-rS 0 

[0 0 2 8] U— h 50:11 3 1 0tc*5V>T, -t>X 

h 1 0 0a, X h Is— i/Vr-JisT.'rUZ 0 0 ©SWSP 3 

*t5 (Xf-y7l 0 0 0), S#*S«LfcftiJWffi3 

o o«, 8aa./«ja*HESti3$B 4 0 o^jii^r^i'iiM^fc 
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x) icaafirrs Ufy^i oio), «s^^riwwi»3 

0 0 tt. 'J — KOlU^tt, C ©ftflllT F UXO.EtMSIff 
5 0 0^e>-r— ^*S6*aUT^ h 1 0 OfCifgjgU 
v-f KDJg£-fcfc, *X F 1 0 Ofre>$EjM£ttfcf-*— 
WE*S7 HU*©KttStB5 0 OKftSttL Wf7 7' 
10 2 0) . $&ICflU£Offiffl«0iWffi«tl9fflS3 1 1 

/U8 0 0«r/l-LTfft)nSo 10 

[0 0 2 9] tt^ft9tt&WM 4 0 0 ©— 0J«B 3 
^"To «a.7' KL/X«>tX h 1 0 Otf'J — K/^-T Fffi 
8! 3 1 OTJII^§sM!fil>Ji^^TT KUXT'3o§o ftfJ! 
7' KUXtt*Rti:-7 f — ^*«ttttSn*E1BSt«5 0 0± 

15 0 0 ^r^-To lEfltKHnr F UXttEttttB 5 0 0 

[0030] 3Mc, ffifflttiaws*f#jiaa3 1 1 tc*5<^ 

■C*IJSUSP 3 0 0 14, 'J— FffiH3 1 OiC^X 20 

«{£ffltt»ti'/« 4 0 3fc, 'J — HQS! 3 1 0T- 

tt/H LfcttaiiwwKo^^ToiwBtwwttiijttiati'/ii 4 0 

4*Mff-T5 (Xfy^l 0 3 0, 1 0 4 0) „ lfta$K 
#<£ffl#ffM8$B4 0 3fcJ:D ; WipMi|!(ffiffl«r«fg4 0 
4 14, 0i|xJ4{Sffli«Jg, ffiffl*, hteWT 

ttWfcM-r*flWB-pfe«o iia««ffiffl«ifiniif«4 o 3 

fe±tftoS1IW«fflttSflM84 0 4Ol*^«, fit 
BO*W©JBSR-ettWr*o 30 
[0 0 3 1 ] !l;WrS|53 0 0 tfff ? WftdiW-WKTMP-i! 

3 i 2Cot^H4i?;ttwr*o 
[0 0 3 2] SE1&&B5 0 0(4, n— +Ftc4;oT, 3:fc 
ttWJWKBi: UTffiSCOfi (^7X600) fcSHRSft 
T ft <3 , ^5X600 'SQ&Sf ft * 7 XflMiflf $S 4 0 1 
K^SftT^So £6fc, gi'^XeOOtt, 3.—+)-' 
(CkoT, *fc'ttttJW*frfc LTIBtt*Rj£SftT*J 
)Sftt4, *9*JBtt1IHR4 0 2CR£SnT^5. 
^X«14'|fffi4 0 2(4, ttSttfflttSE^jffiiftftffltt 

^7XffMti!f«1 0 1 fc«tD'^^X;ffi'|4t, , /IS4 0 2 OH 

$ m mm t mw&mwwBt& stit^s. 

[0 0 3 3] B£BNVr*ttltiN11HH4 0 5O-»IJ«:0 

'3, 0Jx.t4"*iiM, fi*B, XP*|fO*a:£a«*t>3*. iliiJSP 

,'f|5 3 0 0 14, MftWllIQOttfliMWffifflKinmffi 4 0 3* so 



10 0), f^XUliil 0 2OSl'5X600Olf 

8ffifflttW*£!:J±t&l/T (Xr7^i iio), 
WlWEi^^fT^^^^I!fi'itS)(«:jltR-r5 (Xf'y7'l 1 
2 0) 0 

[0 0 3 4] £ 6tC, » g|5 3 0 0 t4, * 7Xlttiffi 
4 0 2«h^^ffltt?£Wfii^f5!dffltt^^7Xf! ; flfg^; 

«ffi*i;*#!RibT (xr7 7"i 130), mmm!®.<D 

SEK<O^7X6 004Iif5L (Xf7 7*l 1 4 

0) , £bfc, i^X6 0 0lcmtZt£WMM5 0 0© 

JRL (Xr7 7'l 1 5 0) , SUq$fiS«rWBaffiWffi4 0 
8K.tiitjti (Xf7 7°l 160), 
[0 0 3 5] il/ieii v {ti'/ffl4 0 BID— MJ&iaetC^-r. ami 
afflKfcfc. SEB-rsmSWSETaBO, BBEBTC^aUM 

BS^tfEH^firtT KUXT'SO. HeB$te8jSB« 
14, BEB5fcO«ia!1li«*3Sf E«BB»# i: EttfiB 
rt7KUXt*$5, l3 6{£*Vr4;5tCf?EB©Jxg?l4— 
ofcUifTfrti? S„ $&(cMIPffi3 0 0*4, MEBfJMr 
«*WHffifai4 0 5©WnBS*r1fMB*#JHLT, BS1B 
*UWf«*}«ra« ffi 4 0 5<Dj**WIB**lHl»»C5E«f , r* 
(Xfyyi 1 7 0) o ±r£<DMatCt5^T;iii|fflli'?P3 0 

0 «, Ma/MJl^f&'Mffi 4 0 0 $ fcME»* 

[0 0 3 6] *ffiffl®«|f ffi 4 0 7 ©— W*H 7 fC^ 

t, aaffiSjfiS#{4<a«osafiESifi5 o o^^^o tan 

ii^7 F U-X(48E1«SB 5 0 0 rt?OS«*St7 F 
PXTfe-So IE1f.SB«^*«tO : SBrt7' FUX14W1 

{5M/*{£ffliD*gi4, »atw«©fleffl/ 

*fl»HI<OK»J*^r. MflP»3 0 014, WJEICiW 
3 1 2 «*ttftjpj|llltt(&, IftJfiOOfjeif {'JiffiaWI! 3 

1 3J^HU(Cg|jlje^{CfT^o 

[0037] ^3c, $ijpgP3 o offftonmmmfi&m 
[0038] nwimnfttif tamu 4 0 6&ct4a— ^tcj; 

[0 0 3 9] SEB^ff ^P^JIfffl 4 0 6 ©-^J^ria 9 K 

«PfPCi?l^fT«UP.3 1 3^1'lfjWfC^ff-ri.o BB-*K*f 
«**4*EI©?IEBIIIff»a3 l 3*fT3BB#©KJ£* 

e<Jx.(4«M. SB, X^pM^if^SO^ 
So f)iijffl]g|5 3 0 014, SEBWS3 4 0 8tc«c5£f5EB 

fcf— (Xf--y7°l 2 0 0) „ £e,tc, ntf-A^T 

UTSBaB7cttiaB«orts*^rsEB5fewaB«tc 
gRsnft^T, *ijfflifflJ3ooti, mm/vmn^M 

IE 4 0 0±©?9FEii v i*ff 3ittlH«I«fe:«iS^»*l!l!1W« 
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(Xf 7^ 12 10). 

[0 0 4 0] £€>K, ;iiiJfflli"SI5 3 0 Oli, *{£JiJ WP.frM 
3 (XiryyM 2 2 0) o £P>K 

$ij»g[5 3 o oti, mimiz'rtmmm a o s©bh#^$t 

(Hl^cMfT-r§ Uf7 7'l 2 3 0). 

[004 1 ] a.— ygfciHm-mi. ®\mu3 o oa<± 

•y 9 0 0?:/t-Lt, 3;fcii*X h- 1 0 OfrP.* 

-y h7 — ? 9 0 0 tfcti 1 /O^X8 0 0 £;ff LTiSui; 
43.fctfBMgf.5Cfc. iWEiWi'/ffi 4 0 8 £rffifi!,iS43 

fcfr"?#£o 

[0042] ±.m<Dmm'uoct<,c&-ox, mwLtz 

X h U— ^T'i'XTi. 2 o o[z^xmmwM.(D^m 
WSE«*iftWtfr^\ x h- i/-i>W->XTA 2 o 
0©»2Hk*fT3c Se>K±fE©?fBEB¥i| 20 

wf ts <t nfT<o«aa*a o 31 lt£b*«ie lt^ < c 
fctct ot, ajiittiaostiiiii-v^oflsoaaftaftssaiiH 

[0 0 4 3] ±IE©«HtCj:»), ol— «fSfctt« 

a.— tftfctt^TpRti. SE1*$§B5 0 0^77X600 

fc v^ b mtiLvmm-u # § fc#>, ettsn 500 ©ttijg* 

•o^TSSf -5&gM:fci/\. £t>K, a— •fgfctt^SF 
Mti. 5 0 0 <D{@^<DM14*^ L < S^iffllcW 30 

LTfe, £>5&K/SCT|iiJ— ©Wtt^t-fO^X BOO* 

fc U 1 OcOfEtSSB 5 0 0^1 ^7X6 00 
j£f SfcH&LT 1 o©IS«g«5 0 OSrWH L 
T±IB^PIIEH'D^ii*tT3 C fc 1 oJtgT-fe^c 
[0 0 4 4] .£fc, a— lf*fcU:«SHU4, *Xh 1 0 

1LT, ±IE©ffE»*gi!lWfcfT-5cfc*<T?trSo - 

a i /cm. 3.-+fKioTft»5)c^nfcxy^^-;i/K 4 0 
Mfi£*rf ja3«DjwiM*wj£f * c fc# pi&g-c* 

Xhl/-v>'->XfL2 0 0(ClTt)ti:, f&to^, tufEW 

%£3if *cfc#T-#.5o £tz. ItS^X-T^AT-frta 
nWlfeitf I /0©«|p)tiBft> *F-«&fc© 



10 

Cfc#T?£S. £fc, If EBlUfrffiH 3 1 3?tt, Xh 

u-^i/xr-A 2 o ortmwrts^n tf— *#3*\ 
a— *ftix h u-v^x-r a 2 o otf&£ t>f£J lis nr 
i/^iMi$gii^^xh i o o-c^tfsnTo^tea©®* 

ffif!ttf?IAMg^WPu^PlieB^TMfl3 1 3<D^f?H#£U 
fc -5 c fc T\ *X h l 0 0 Tf©E*«attffi 

ffI^«!lI©X hb-v > 'yXfL2 0 O'N© I /O^n 

[0 0 4 5] Setf.SB5 0 Ote, fnfnaas 

I^f^Xi-giil «*t— 

«t^. £fc. ±8E©ffflT«*ffifflffiW19«4 0 7««8ffl 
MtfcK®^^TlB5iESnTl/>-Si:Lfc* ,! , *{5gffl ©*%tfl 
ffittKttftf SltflflWl (SSiflTKUX) KI^TE 

[0 0 4 6] <fgZKD^i!ffi(D0ffi>^flg<D^ffi-e«, 

5X6 0 0O±Iil6J:^7X6 0 OHOtt^WtftK 

[0 0 4 7] 0 1 Oti, *^BJ|cT)tjS2©^S6©fl5fSK43 

§ s mm is x t- a (om^m -e* s . 

[0 0 4 8] **fiSO«^Oft»«S'^-rAH:, ^X h 
10 0, fVXyTW -yXy-L, 201, KillWfi* 7 0 
0%WLT&5o *^MeO©ftgKfclt§H+»1tvX7"A 
tt. S 1 £>^M<DJfcffi-C<DX h U-^7->XfA 2 0 
0*fVX77^yXf^20 1iU IE18SB5 0 
0*/VJf-f7'*;l/-y , 5 0 1 tLfctOtffiStSo 

[0 0 4 9] f^X77H''>Xfi>2 0 1 {±, Um^- 
3 0 0 t X^glH 5 0 2 if So IliiJf®;'^ 3 0 0 
«, aSi<03JMOJBIlRtf©IWfPiW3 0 0K:*Ba , r*. f 1- 
YX^815 0 2B> (nli2tt±©ia) "PR A 

ID (f-fX?7W) *^LTt50, CCOnfecOf 1 ' 
-CX78I50 ZlC&zmZ'Wr'f 7)\s—Zf5 0 1 
Bf^o RA 1 DOttltbt, lOO^Uf^^-7' 
5 0 1 (CfSnS n^fCDT 2 / X78I5 0 2 ti, n-1 

^fVx^ai5 o 2o^rt^5>^i*sn§3T:fi 

fVX7g!5 0 2tC»»tt&»4SnS&if. 7-— i'tSSft 
±©BB«*WpOo COiiiA^^^'Jf^ 701/-7 5 0 

i *af^±<D i ^fitt^-rctA^ts^ Tcstt^ 

n ft if tc J: D ^ffl-T 5 fc *© n X h ^ttftlffttft if 
hmteZfcib, f^X*7H , yXfA2 0l?:Wt 
StfefcoT, l/W^n©rj:57W (^Of 
f^U-7°5 0 l) *®«E?-a:SCtt.^<, Sfc/^J 
f^7";l/-7°5 0 l ^'M-rS^VX^^iWS 0 2KO 
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-cx^7i/-i'yxfi>2 o i *ffii&? zic&rz^rmm 

5. lot jRgtf) JMgtc til/ ^ T f-' -f X ^ 7* ~> X -r 
A201 «t§^^'Jr-T $01/- 7 5 0 1 (ittftg, 
AMIS. WHt4if<DJBtt*«ra-T?**4:ttBI6-4', t#tc 

co o 5 o] ^3ftni«)^fiR(c43(t«ia9/tb9)tticiMi 

4 0 0O-M1 llcSt. 10 
[0 0 51] 3117 FUXti, *X h 1 00ffU-K/ 

^-f bsai'i!3 i o-pjut^*japi!ftu*%*'*"7'Kuxi»* 

-7°S^{ifll^<O^U7 1 -i' dOl/— 7° 5 0 l^^To t-'-C 
X^E#^«{I4rCD-rVX^E5 0 2%7rVr 0 tV 
X^g-SrtT' KUXtifV X*^B5 0 2I*|T-C0fll^^r 
^t7Kl/XT'$§ 0 ffflflfglS 3 0 0 1£, RAIDOafp 20 

fflSJ!3 1 0fc£T?jn^Tffli | IM-*rt«, *^fiS©JB«OiM 
BJJT-Ii, /<U -r-r 9)\>—-f 5 0 2 %0iMt-h<9 1 'IHit i: L 

&l/\ 

[0 0 5 2] *6tc»l©*fflOJ151IR4:raaHc, M'Jf 
^?'Vl/-7°5 0 1 tt» 3.— ^ioTSfcteWtKMIi: 

X6 0 0^©^-SS(i^^Xt«/7)tt($S4 0 1 {CRg^^nr 

i/^o ^^x«)5StWfg4 0 1 (D—m*tm 1 2tc^-ro 30 

[0 0 5 3] ^7Xii|lj(iS^7X6 0 0^-rfl?''JT- 

'j T-f 201/- 7*©a*^-r „ ^yf^ 7°#^i±^ 

^7X600 icmt&'W T-i- 7°#?- 5 0 1 
fo GlSto:, ^7X6 0 ocDMttti, ^XHttffiMS 

4 0 2 0-(?iJ^rEI 1 3&C7jVTo 
[0 0 5 4] ^7XS§«, M7X6 0 0^tf§ 

?Vl/-7°5 0 iCSa/H«, * ^^irattflBKMfttt, *7 
X6 0 OMO'ltftgHifit (^©'I^^l/^OA^tt^^f 

*) -efc*. ^7XHttfigiffittS*7X 6 0 o*ifig 

[0 0 5 5] *HSS<0^J8K:fettSffifflttitt'WffilX»«l 
S3 1 1 KO^TIH 1 4 T?Pflt§ 0 

[0 0 5 6] fffl$Pg|5 3 0 oti. Ml 1 O^KDfit^i 
fc, U-F/^-f h$QSI!3 1 Ofcfcl^TffiJIJL.fcTVX 
^gift 5 0 2 ©ttffl«flffl*«J» LTiVtffiflrlUISfc 0 <r>m so 
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JTOHfl (flgffl*) ^5>tC f-VX^-2iil5 0 2 

(xf7 7'i 300), mmmwitt. v- 

h^t^ofc^if'llftWcoi/^TO-rV X^g 

ifittJij^tbTjaflaiKflwutiewti'/fi^ 0 atceM-r* 

(Xf'^l 3 10). gjfc!liWSl53 0 0(i, /<'J-r-< 
y;b-7"5 0 1 K#fc**£l6ffl1llt«©fVx*St«ffi 
(Xf7 7*l 3 2 0) > ^U-ri-^Vl/- 
7°5 0 1 (Dfififfl^i: LT«a«*fl!fflttiRflHH4 0 4 tc 
ffiSTf 3 (Xt7 7°1 3 3 0) 0 

[0 0 5 7] ^SSOJB^tCtJlt^liilSH^fflttrHW 
IB 4 0 3*3j;^ai?fil§lcf£fflt«cr£«fH4 0 4©-0>J*BI 

1 5 fciO'ia 1 GlCTTsto 

[0 0 5 8] V^MM (— JfcJWWD f|f© 

BHf^U HmifIT' KUXti^IIM^7r:L. ^'J-r-f 
7°S^«ffl^o>'^UT--f 7°«r^L> fmSnl 
i©f-fX^8IIffl$tej:a : M'Jf-('^-7'ffii$ 

to J:iE©<fc?&f : VX7SB5 0 2 cDfilffl^ifV X 
*gE5 0 2(cA^SftM^r^flT'fe«3> ffiffl**** 
trv»&l*, rVxyaiS 0 2ftM4£#hrt/*v*i: 

3 c £ J: 0 -r f x ? r i'XfA 2 o l ©14fi6[pj 

[0059] -Xic, BiEBWrrffiS 3 i 2 (c-oi^TIH i 

[0 0 6 0] ft!iJia)g|5 3 0 0fcJ\ §^7X6 0 OtCOl^ 
0 l frbffiitS (XT7 7" l 3 0 

o) o *^r, sj»aJ3 o oa:, mi<omm<ommtm 

^WfL, f6t^']f^ ?)l—-75 0 l {COl/^T, *t 
ftJWIlU©1WI!inW«UIJtt»M»*4 o 4 (D^Ut^i- 
7°fi:ffl*^:IXf#L*Bt-rS (Xf77 1 3 2 0) 0 i^l/ 1 
t> ffii|®a53 0 Ott. ^XS'l4tif$S4 0 2%#SLt 
77X600 0{£fflSp±fiBffi*ffif#-r § (Xf7 7"l3 
3 0) „ &mf$3 0 0(4, ^Uf"^ W-7»W 

7 x ±.mm* im l . ^'jr-f tvu- 77X 

±RHiJ: O^c^i/^^-ti, r-f 7";l/-7°5 0 l <Offi 

mm&mb-trztbic ^>j^^ 5 0 1 (c^js-r 

5lSI«ff)|ii(eii'(A^^i:Wlt5 (Xf7 7"l 3 4 

0) o 

[006 i ] m^x, o on, n^mrs<Dmm 
mmmmimmm4 0 3^#ilt, mm^smtm 

BrLfc^')f-< ^";I/-7°5 0 1 OftftaWWcttftrs 
HaflWJO-r-T X^gBffiffl^fXf#L«li+LT (Xf 
>V7°1 3 5 0) , fVX7glf5gffl$^tl/^Ofr 

6 0) □ »a«*aoaiR«:, ^ufi'^i/-7 , 5o i<d 
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T I/ ' * , >7 =7 X 6 0 0 <omm * ±[5IMWT{C 5 g: 

3 ( 1 3 7 o) o T'wxd'smeffl^w^tt^aftaiRW 

tt, /<'Jf^y;l/-^5 0 l ©ffiJIJ*twr*SBWt.^: 
X M & ^ * ^ £ % x. 6 n 3 fz kb , -r * X * S H ffi ffl * 

[0062] mum 3 o oa, as??tifeias^j«{co 

fct, ?7Xltt«« 4 0 2 £#P.8 U ^ U f-'-f SOI/— 7 
5 0 1 <OU~t 3 ^776 0 0cfct) t£ft£Jl|tffe AV!j'{ja<D 2/ 5 
X6 0 0 (il'Sttfl6*9X) KSI-JU *^XttMtiT«4 

o i i <Dnmcommtmm<D^imn^m4 

0 7 ##pa L T TSJlSftg 7 -5 X fc H f 3 > < U -r f 7" 7° 
5 0 1 ©*fiEffl*ijaSI«*flSlf#-rS (X-r-y 7° 1 3 8 

0) o 

[0 0 6 3] ZZK, 0 Ott, **ffiffl%a« 

iDttCO^T, PHESt^ Lfctl^-cD^U^-i' £0t/-7°{£ 
m^(D^Bm*Mtb Ufv^l 3 9 0) , 20 

400), iiiMss^m i <Dmm<D&mtmmc^ mm 
mmm4 o stctHTr-rs 7° 1 410). wrl 

^Afce>*aa**iT-r« (xf^/i 4 20) „ 

[0 0 6 4] *Slfig<DJgffi{C4ol/>T, ff?ijmig|5 3 0 0J4, 
31 1 (DJIfiSCO^ftgJCiD^TAU^^^I/— 7°'lf$B4 0 9 
£«f#U ^U7^7~;l/-7°'l«$84 0 9, ilSI^fgffl so 
«JRffiffil4 0 3, RC«fca!1Ki«fiyflttM#/«4 0 4^5, 

[0 0 6 5] /^Jf-C y;l/-7°'li$@ 4 0 9 <D— f^J^rH 1 

8 tc^fo /<'Jf-f £Ol/— 7°S^(ifS^ <D/ ^'Jf-c 7 VI/ 
-7°5 0 1 ^^#§Tfe§„ RAIDMtt/^Jf-f 
301/— 7° 5 0 1 *Wf§RA I DcDU^l/^-rVX^ 

^i/-7°5 o i ^«t§f-rx^gi5o 2comm 

tt^^5xo^'jf-c 301/— 7*5 0 1 tt§CiT\ |nj 

[0066] mimn'u*nm3 13a, mi commcom 

M£fflmci7t>ftZ>tiK Hi 9&c^-rj;5tc, fM$lg|53 
0 Oti, SiEStDfc46£D=itf— ^T5tf[{c^-5X^tt'lt 
$64 0 2 *#gg L , BEBtc tJ «fc OWIBHTcO ^7X6 

ffi*nfcwieia36Eff±ffifls**( , j"r* wfy^i 50 

0 ) o £ 6 K:*a!f|f(Wttffl4*« , KSfB 4 0 4 LT, so 
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ISEBrc*J:tfT#E"«te©/<y?--f 501/- 7° 5 0 1 <£>B[ 
jfi<0/ ^')T-f SOI/- 7'fife'ffl J*s«rljM# L (Xf7 7"l 5 1 
0 ) , ttl$«*£3i^& <£*> -~fiC0 7 5- X 6 0 0 fC *3 1/ ^ 
TAiJf^ 7'Vl/-7^JI)^^l'iffii^'^fT±PSf|i'i^KxT 
l^fctlWrti (XT77*1 5i!0, 15 3 0). I'iEiVC^ 
fT5Llfl3 1 3*4»ih*fet4aW-r« (XT-y7°l 5 4 
0) o 

[0 0 6 7] ±IEMHfC «fc D 3.— If «, ^'Jf-f 7*;l/- 

7°5 o i ofieffl*^t <i-^t>*.ftri5A ,! a;^isa-tciW 

$fclHM<Dfci6(D±|51M^r^vX6 0 OSCffi 
[0 0 6 8] ±iieoj;3^Saf l l!'r'l)C tlciot, f^V 

£\ ^^X^Jc43J;0*«f±tc»cJ(,>Ttfi/\ BSS«tc=fc 
OtClg^tlT^ffiffl^-hPBffi^ ^7X6 0 OtC/S 

ti./^jf^^i/-7 , 5 o i (DmmmtfMz.%:^mw%: 

mm? 5Ct*«r*f5„ * 6 tc fc <fc XSMficD 
«Ml*li'3jBbrEll*«iEbT^< cirlct-jt, ffi 

[0 0 6 9] |lffia!. v iflJ»f5Q ; SI!3 1 2{C£>^T. f|Hj^lf?[5 3 
0 0«. ftftffiN0nafflK{£ffl:Kft1fffl24 0 4fflM>J 

7^^ y , ;i/-7°ffiffl^ j f'> mmmmmmmmA 03© 

*5ft5 (m(4 1 U±(Dmm o CtlGcD^te^^.— «f 
®6*J^i'f«-O^^MRLTif)l\ TiffiiHt-UWM! 3 1 2 
[0070] ±IBOSEBW»rSail3 l 2ic^3^,^T. iffl 

831S153 0 0«, fVX^71/^->XfA2 0 1 ©4T<0 

-r-r ^;i/— t° 5 o i commzftv t Ltct>\ Buiai^mo 

mcmm^3 0 0 7b^-5XjBI41tlg4 0 2*#RgU H 

siwi£?nt^§^7X6o otco^rti. 
ur^ 7Vi/-7°fi'i : ffi 409 %#b§l. waawtt^ssir* 

nTi/^^^'J 7^-r #)}/— 7° 5 o i tcov^rti^tBcoM* 
ntLTtJ:^, Sfcs SSSB*iirrMfl3 l 2fc4b'^ 
T, Ft5l|^g[53 0 0«, iS'ltftl^^XfcM-rs^UT-'C f 

;b— 7*5 o i <D*f fflftli«fr 5 SEKdfti^ 
*»JRT5fc Lfc*<, EI«l4^I9^$nTi/^^"5X 
6 0 Olc-o^ZteMMiftt IT, $ 6tctt^HSfit^iSfu 
^7X6 0 O^riSttHl^^XtLTa^i^tcLTt 
i^o S/c|ll^lS'l4* , i^$'taTi/^AU7^'f ^";l/-7 0 
5 0 1 {co^T«*t*?1-i:LT&<J:t/\, ±fEO«fc 3 tcgil 
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■efcC&i/^^xe o o^fcti/^Jf-f 7VL-— 7°5 o i 
[0 0 7 1 ] <^HcD?fefl{B«/FJS>*?llM!i£Dfl : Jffi^(i, 

6 0 0 fcMf/©^ 'J -r-C 7*4/— 7" 5 0 1 tfJS^So 10 
7°1 6 0 0) (i. WZ2<D^M<DBBtfflffiX&& 0 

[0072] *^jSfitDjBSiT'OSBa©*<JKsaa 3 1 2 fc 

fit**, BEHft<0^aM«©3ItRtco^TI212 OT'i 

[0 0 7 3] £ 2 ©£j!te©fl*!!K^.fcmEH$fc<D*!jgM# 

{a#iftfu<Z)75X6 0 0frZ>M1RtZt}\ *ni&<D&M 20 
THilD-^^X 6 0 0 <Dm&m7t&L9\-<D>t>J r-4 77b- 
•f 5 0 1 frf=>iIJR-f 3 0 IliiJfflKW 3 0 o a, 7^XflMti'J 
4R4 0 1 &3te'GKilJWUdEti*im 4 0 7*#SBLT* |HJ— 7^ 
X6 o OfcST^SEBrcJ-yW^Ur-r $01/— 75 0 
1 <0*{£ffl1%a«J«*ffi[»-r* (Xr-yTM 610). 
$ijffl]g^3 0 OAs #*ffiffl»am«KO»/^T, WKRSfc 

(Xf-yyi 6 2 0). *{£ffltjja®#©4'frt>, he 
BSfcfcLfcJa^fClI)— 75X6 0 0tc8SS?nT^S± 

ft©1Ml!*i«fcLTiflHRL (Xr?7 , l 6 3 0) . SJR 

Wiii*as 2 o-iasfi©0«5n*Biite % mmim4 0 8<cm 

(Xr'^l 6 4 0) „ HEBfS^TOHaiR 

8*7^3 (Xir-y7°l 6 5 0) o 
[0 0 7 4] ±tecDfflII(cj; [h]— 6 0 0 Ftyc 

0 l £>^'J-r-f 70I/— 7*5 0 l l 0075X6 0 

o w-75x) icM-?zmi$.icmm-f&c.£tfT*2 40 

aitRKfc^T, pjEB7t;©75X 6 0 0 J: 014^Ji«f4^ 

^fi<D^5X6 0 otcjS^ft5fcffiffl«ia®Jsis* , t#e.n* 

at mm x$z 0 m2 <d mm<oBmxmm l temmm 
£%&fr-&t*trcm&i&s m 2 <oMm<DBmx<o^m^m 
t*mm<DBmv<Dwmft&ttf&t' : 7 7s6 0 oic-o^ 
TM%zm\\m±m\<m\i^Tt>£<s ?*t>%s 
fc # fc 7 5 Tsitimm 102 ^^xeaoto^r so 
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[0 0 7 5] <g?EHO^flS«0^^>^fl6f3fgf®T'ti, 
m2 0j|fi6€)JB^T'«Bj!Eil-f-iJlSlfffia3 1 2lC*5^T, 
iW£ii v i7c;<D^7X6 0 0 J; r)&tieMGLffititiL<0{?7 7. 6 

0 0 (r.'.ylMi75X) »C|iifii«^©*«!ilJ1fca!1W«Ayi 

ff^ns, te1£*ffi# J: (5 ffifecD ^7X600 (fgiSffg 
^7X) ^<D;«t!fc^75Xfr€>0|i?EB<D^afco^T 

[0 0 7 6] *3lfl60^!lT'©ltP11v'X-rA(i > 8S2 

(Dmmmm t m$nx& z 0 ^mommic^ § he 

■*JBr£l93 1 2{cov^TI3 2 l rBfflfi. 
[0 0 7 7] flii)WH5 3 0 0M\ il'Sttf!ls75Xk:faj*S/< 
Uf^ 70b- 7° 5 0 1 «^-5XWjScti'fffi4 0 1 fr6HXf.i l - 
"TS (Xf->v7°l 7 0 0) „ $gl^T.fMSfIg|5 3 0 0«, 0 

1 <D$Ufe<D^S2:n«Of9GB¥>J»r^*fflM«W4 o 5 

*mMLxttmmm*m%L cxf--y7°i 7 1 o) , n 

f-i- 7";l/-7'5 0 l <D^^aMtDc{cMf5-r5^a«Hl^<D 
fVX^ilffiffl$Wf#L (X-r-y 7*1 7 2 0) , r 
-CX^ISH{£ffl*C)'J>^l/^©A^, {gttftg^^X'xS 

(X-r y7° 1 7 4 0) 0 

[0078] m^xmmm3 o o«, atRstifesaas 

icM-tZ'Wr* 7*5 0 1 A^atR-TSA^ SE 

Mmwic&^xm&mifctLx^zm&mt^x&m 
ffc?^xtmz>-w^tLi,£s m 2 <Dmmmmxnmmt 
mm-e&s (x-^-y 7*1 7 50) . */c, ^mmm 

[00 7 9] ±H5<OMa^rfT 3 C £ T\ S5 2 O^jjfecDJK 
JgTOBEIffPJBMaffl 3 1 2(C*5^T^t4^^7 7X{CS 

f±fti 77x^6 {&&m 7 ^ x'siaasiSoBEiB* . K 

•|±Rg7 ^X'NCBEBfCrciEo TfTV\ BEH5fe«0*ffi 

ffl %ffli««* n ttsg 7 5 x teffl «-r 5 c <h x # s o 8»i 
apgP3 0 oi±, ±is<D®a^Sfc/sc*i»5jiLfTo 

[0 0 8 0] ilftaMK«oWilEI»5fe*ffittfl6f 9^©/<U 
■r-C 7*;l/-7°5 0 1 t-TSfcA, W-tfflEWtSf^ 

lt<Of-r X 7 ^Bffi ffl^^ifT^-r 5 BKiHt*'* 3 
•r-i'X7ffiffl*<^/h?V^aM^e>SEBLTi.K J: 
otC-T^C^T'. mA<D&tg%^,\s.®UcftiZ.%££tfX' 

[0 0 8 1 ] <^E«D^jSt5<D^ffi>^flfBtOJgffiT"(i, 
7^X6 0 OOfeHt© 1 0^7'7-trX^:)jiM-|4^iStt, 
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r * •te*aB'J«tt*ffl y > ■> -v ;i/7- * -t x ai 
ic fr fc> ft § i: 5 v ? A 7 * -tr X tfSHi tc ft 

najaPiiftMi:*, fl^Ay-Tvy;!/— :/5 o nc\'\m 

[0 0 8 2] **Mi<D^<itC*5tt§SIM^Xf-i,«ia 

1 OtC^L/ttOTfe-So #sfe$i©Jf5!JgT&, ^2<D* 
flfc-OJKSsTcOlfJB^fc/jD^, MISSIS 3 0 0 "HE 

[0083] *&m<r>Bt&v<D t> *;> xmmnn 402© w 
— w*® 2 2 fcjjvr „ c<Dm?i±. mz^mmmmx- 
<D{mcn\^r ^ ^.xmMm^^nxtsKi , ^7X6 0 

ri/^JS-^Ji, ^x 6 0 otfis— J r>>>*>i'7'inzx 

[0 0 8 4] *nm<oBmT°(ommmm®.mm j mm4 

0 3 ©— IH*H 2 3 tC^To C<Df?ijT«, M! 2 ©HuKl© 
[0 0 8 5] 2£>fC, *^SS<Dff^JCt5V>T$lJPg|5 3 0 20 

[0086] T?*xmmmmf l 'm4 1 o©-en*ia 

■fex«gijatwsfl«i 4 1 o «tga><oT * * xagijow 
Steffi v^sffi*pffl*t^^nri/^o s^JMpMis/s 

tttiWR4 1 1 ©-00*0 2 5fcjjVr„ 7^-t?X«giJfc> 

fcmarrso 30 
[0087] *3a»o«uiT©aaii4, 
fqwaiB3 1 lfcitfWfiWWBWBaia 1 2*K»,^rttsn 

[0 0 8 8] *^Sfecoff$S8fc43Ct§^fflttMtfglXf#Sa 
il 3 1 KCO^Ti2 6T*lW5o 

[0 0 8 9] $iJ@|lg|S 3 0 0li> £ 2 ©ilOilt<0(| 
ffl«l'SfSf5?t#ffla 3 1 1 4: BANC, I»l«i<K:o^T 
OfVXi'glW^itllL (Xf^yi 8 0 0, 1 
8 10), U— K/^-T hfflI3 1 0T'Offiffl$rt§?; 
MLt, f£JI)33K:o^T->— y^-wl^'^-trxi:-? <o 
y^Ar^-trXcDit^WtBL Uf771 8 2 0) , 

4 0 3{CiElfr-g> (Xf7/1 8 3 0) o ftiJffllgP 
3 0 0 fi, if 2 <Dmfa(DBm£fflmc'Wr* >f>l>—Zf 

{mm<Dm&£mMmmmvtmnm4 0 4-\mm^ 

Bo (Xf>y7 18 4 0, 1 8 5 0) 0 
[0 0 9 0] *H)SE©SffiJc*ilt-SSBSiS|iJ®r5aa3 1 

2 tcfct^T, BBSB-r-5liaMJSOStR«^ 2 ©UiflS© 
JBflRfclSjaT?** (Xf"-y7°l 9 9 0) 0 PJEi?ifiJWfjB 

SI! 3 1 2T*©Pffl!.m©Mft'M©2S#?tCOI/>T@2 7 so 
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[0 0 9 1 ] ElfflJfflS 3 0 0 W\ BflMMffifflttft 4 0 3 

*#jsh l , spsen-r « sfiaM«s»c o ^ r © > - * > -> + 

;b7'i/-teX¥£W., l -L (Xf^T'l 9 10) , 7'^-bX 

fiwj ww « 4 1 0 ic t m. z nt ^ 5 mm £ \mt 

§ (Xt^7"1 9 2 0) o i/— y^iz + ^T^-feX^ 

Si«l<fc?>**^iHSf, itiUfflig|5 3 0 o«. ^7X»lt 
ffi4 0 2«;#,1U 7'^-trXifflgiJA^>— <r^->-v;Ui:^ 

xe?nrv>5^5X6 0 0 o-^v-wb^x) # 

Ufy^l 9 5 0) o ->-^>->^ 
;U*7Xtf£:£E-t5*§£\ »gP3 0 Ofi, ^5XM 
1MH4 0 1 t*fl!ffl«lffR4 0 7 ?:#ILT, v—!r 

750 1 ©*tej||«BBB*i«*Kfi*"r* (Xf77l 9 6 
0) o £<E>««£|53 0 0«, **^fflttia«J«C"PV> 

iiWffi*** (Xf77l 9 7 0). jfeffifflftSaUSO* 

fre>, ^ses^ct Lfc^a-icv—yv^Y/i/^^xtc^ 

JE S tiT t ^ * ±ffiffl*ffl it * v i: ^3W T * * *ttffl«ffl 
IMHiH5tO*SiafigJSfcLTaWb (Xf77l 
9 8 0), SlRi|gS*m2<0^filSO^<fi|pI«tcMBBBfil 
$g4 0 8tC/±i^-r5 (Xf7 7~] 9 90) o AlJVPffi 3 0 
0(±, f£lll^-T'?lPIfiA^, JD'2<o^j5Bojgfg^r.7JtKcD^>J 
f-'C y;b-7°'lf$S4 o 9 i;**M!!«ff^Jcfctti>^aM 
tslcffifflttj5il«$S4 0 3&£tffe9ttUttJ3:Kffl1**iH 0 
4^6S£m-rSo 

[0 0 9 2] HUfiBOi:bf5{c*5^T, ->— ^ ^->-v;l/T^ 

-txwa*fiiwT-es§ii&, 3;«g|53oo{i, i^a 

-5 (Xf77"l 9 4 0) o T^-trXfigiJliVhtCv-y 
y> ;i/ i: »ii£ ?nr i/^c^a-, ±;E i: N«k: wnff 3 
OOli, y>->-v;l/^7X<DYi'fift^:.ll^ (Xf7 7 

19 5 0), v— y>s/t;l/^7X^#ftt§^«, 
v—y >-> t;l/^7Xfr6 ?feBJte©*WI1W*%»Rf 
§ (X-r-v7°l 960—1990) 0 

[0 0 9 3] flijiE©Jt$5^43V^T, y>"> + ;UTi' 
-trX^HijsefflWfiWTTfe '9 , ^ e.tcT^-trXfflgiJt 

iz + yl/^^XA^ffiL&^ofcJi^, $ijffllg(53 OOti, 
SIS 2 <D-^fiS©JBff,i:lifJ«tc, ->-y>->t;b^7XWii. 

©^7X600 ^ l^ffii^cD^anfiiSlc^^tR-r S (X 
T772000) o 
[0 0 9 4] ±m<D^miC X K) , PI— /< U T- 1- 
5 0 1 T<DgMai : ^:->-^r>'^^;I/7'^-trXi:7V^'A7' 
^-bX©?gfi{C*tL, §^7X6 0 OtcPtti: LTISJE 
^tifc7-^-fexagiJi:ft'ffl45±PJIffl^ffl^T, t-> 
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